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CAMELIDAE SINGLE DOMAIN ANTIBODIES VHH DIRECTED AGAINST 
EPIDERMAL GROWTH FACTOR RECEPTOR AND USES THEREFOR 



FIELD OF THE INVENTION 

5 The present invention provides single domain antibodies, more precisely heavy chain 
antibodies, having specificity to epidermal growth factor receptor (EGFR). The present 
invention further relates to their use in diagnosis and therapy. Such antibodies may have a 
framework sequence with high homology to the human framework sequences. 
Compositions comprising antibodies to epidermal growth factor receptor alone or in 
10 combination with other drugs are described. 

BACKGROUND TO THE INVENTION 

EGFR is part of the ERBB receptor family, which has four closely related members- EGFR 

15 (ERBB1), HER2 (ERBB2), HER3 (ERBB3) and HER4 (ERBB4)- that consist of an 
extracellular ligand-binding domain, a transmembrane domain and an intracellular tyrosine 
kinase domain (Yarden et al. 2001, Nature Rev. Mol. Cell Biol. 2, 127-137). The first step 
in the mitogenic stimulation of epidermal cells is the specific binding of ligands such as 
epidermal growth factor (EGF) or transforming growth factor alpha (TGFa) to a membrane 

20 glycoprotein known as the epidermal growth factor receptor (EGF receptor). (Carpenter et 
al. 1979, Epidermal Growth Factor, Annual Review Biochem., Vol. 48, 193-216). The EGF 
receptor is composed of 1,186 amino acids which are divided into an extracellular portion 
of 621 residues and a cytoplasmic portion of 542 residues connected by a single 
hydrophobic transmembrane segment of 23 residues. (Ullrich, et al. 1986, Human 

25 Epidermal Growth Factor cDNA Sequence and Aberrant Expression of the Amplified 
Gene in A-431 Epidermoid Carcinoma Cells, Nature, Vol. 309, 418-425). The external 
portion of the EGF receptor can be subdivided into four domains. It has been 
demonstrated that domain I and III, flanked by two cysteine rich domains, are likely to 
contain the EGF binding site of the receptor. (Ogiso et al. 2002. Crystal structure of the 

30 complex of human epidermal growth factor and receptor extracellular domains. Cell 110, 
775-787. Garrett et al. 2002. Crystal structure of a truncated epidermal growth factor 
receptor extracellular domain bound to transforming growth factor alpha. Cell 1 "1 0, 763- 
773.). The binding of monovalent EGF to domain I and III leads to the initiation of 
pleiotropic responses leading to DNA synthesis and cell proliferation and differentiation. 



35 
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Monovalent ligand binding to EGFR causes a conformational change of domain II of the 
receptor ectodomain, leading to receptor dimerization which activates the tyrosine kinase 
activity in the intracellular domain. This leads to receptor transphosphorylation and the 
initiation of a myriad of signal transduction cascades. Activation of EGFR has been 

5 implicated in processes involved in tumour growth and progression, including cell 
proliferation, angiogenesis, metastasis, inhibition of apoptosis and resistance to radio- or 
chemotherapy. EGFR is expressed in a wide variety of tumours of epithelial origin, 
including >40% of NSCLC (none-small-cell-lung cancer), >95% of head and neck cancer, 
>30% of pancreatic cancer, >90% of renal carcinoma, > 35% of ovarian cancer, >40% of 

10 glioma and >31% of bladder cancer (Salomon et al. 1995. Crit. Review Oncol. Hematol, 
19, 183-232). It seems that high levels of EGFR expression are associated with disease 
progression, increased metastasis and poor prognosis, providing a strong rationale for 
developing effective EGFR targeting antibodies for the treatment of various solid tumors. It 
has been found in various types of human tumor cells that those cells are characterized 

15 by a dysregulation of EGF receptor signaling due to receptor overexpression and the 
presence of constitutively signaling EGFR heterodimers or EGFR mutant forms. Breast 
cancer cells exhibit a positive correlation between EGF receptor density and tumor size 
and a negative correlation with the extent of differentiation. (Sainsbury et al. 1985, 
Epidermal Growth Factor Receptors and Oestrogen Receptors in Human Breast Cancer, 

20 Lancet, Vol. 1, 364-366; Sainsbury et al. 1985, Presence of Epidermal Growth Factor 
Receptor as an Indicator of Poor Prognosis in Patients with Breast Cancer, J. Clin. Path., 
Vol. 38, 1225-1228; Sainsbury et al. 1987. Epidermal-Growth-Factor Receptor Status as 
Predictor of Early Recurrence and Death From Breast Cancer, Lancet, Vol. 1, 1398-1400). 
As synovial fibroblasts and keratinocytes are cell types that also express EGF receptor, 

25 these cells are candidate target cells for treatment of inflammatory arthritis and psoriasis, 
respectively. 

EGFR has also been implicated in several other diseases, such as inflammatory arthritis 
(US 5906820, US 5614488), and hypersecretion of mucus in the lungs (US 6566324, US 
6551989). 

30 

Many of the EGFR targeting antibodies such as IMC-C225 (Erbitux, Imclone), EMD72000 
(Merck Darmstadt), ABX-EGF (Abgenix), h-R3 (theraCIM, YM Biosciences) and Humax- 
EGFR (Genmab) were isolated as antibodies that prevent binding of ligand to the 
receptor. Yet none of these antibodies nor the presently available drugs are completely 
35 effective for the treatment of cancer, and most are limited by severe toxicity. In addition, it 
is extremely difficult and a lengthy process to develop a new chemical entity (NCE) with 
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sufficient potency and selectivity to such target sequence. The primary goal in treating 
tumors is to kill all the cells of the tumor. A therapeutic agent that kills the cell is defined as 
cytotoxic. A therapeutic agent that merely prevents the cells from replicating rather than 
killing the cells is defined as cytostatic. Known antibody-based therapeutics which bind to 
5 the EGF receptor merely prevent the cells from replicating and thus such conventional 
antibodies act as a cytostatic agent (EP 667165, EP 359282, US 5844093). 

On the other hand antibodies offer significant potential as drugs because they have 
exquisite specificity to their target and a low inherent toxicity. In addition, the development 

10 time can be reduced considerably when compared to the development of new chemical 
entities (NCE's). However, conventional antibodies are difficult to raise against multirneric 
proteins where the receptor-binding domain of the ligand is embedded in a groove or at 
the interphase between the two subunits, as is the case with Epidermal Growth Factor 
Receptor. Heavy chain antibodies described in the invention which are derived from 

15 Camelidae, are known to have cavity-binding propensity (WO97/49805; Lauwereys et a/, 
EMBO J. 17, 5312, 1998)). Therefore, such heavy chain antibodies are inherently suited 
to bind to receptor binding domains of such ligands as EGF and may therefore operate via 
a different mechanism of action to yield a cytotoxic effect on tumour cells. In addition, 
such antibodies are known to be stable over long periods of time, therefore increasing 

20 their shelf-life (Perez ef a/, Biochemistry, 40, 74, 2001). Furthermore, such heavy chain 
antibody fragments can be produced 'en-masse' in fermentors using cheap expression 
systems compared to mammalian cell culture fermentation, such as yeast or other 
microorganisms (EP 0 698 097). 

25 The use of antibodies derived from sources such as mouse, sheep, goat, rabbit etc., and 
humanized derivatives thereof as a treatment for conditions which require a cytostatic or 
cytotoxic effect on tumor cells is problematic for several reasons. Traditional antibodies 
are not stable at room temperature, and have to be refrigerated for preparation and 
storage, requiring necessary refrigerated laboratory equipment, storage and transport, 

30 which contribute towards time consumption and expense. Refrigeration is sometimes not 
feasible in developing countries. Furthermore, the manufacture or small-scale production 
of said antibodies is expensive because the mammalian cellular systems necessary for 
the expression of intact and active antibodies require high levels of support in terms of 
time and equipment, and yields are very low. Furthermore the large size of conventional 

35 antibodies, would restrict tissue penetration, for example, at the site of a solid tumor. 
Furthermore, traditional antibodies have a binding activity which depends upon pH, and 
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hence are unsuitable for use in environments outside the usual physiological pH range 
such as, for example, in treating colorectal cancer. Furthermore, traditional antibodies are 
unstable at low or high pH and hence are not suitable for oral administration. However, it 
has been demonstrated that Camelidae antibodies resist harsh conditions, such as 
5 extreme pH, denaturing reagents and high temperatures (Ewert S et al, Biochemistry 
2002 Mar 19; 41(11):3628-36), so making them suitable for delivery by oral administration. 
Furthermore, traditional antibodies have a binding activity, which depends upon 
temperature, and hence are unsuitable for use in assays or kits performed at 
temperatures outside biologically active-temperature ranges (e.g. 37 ± 20°C). 

10 

Polypeptide therapeutics and in particular antibody-based therapeutics have significant 
potential as drugs because they have exquisite specificity to their target and a low 
inherent toxicity. However, it is known by the skilled addressee that an antibody which has 
been obtained for a therapeutically useful target requires additional modification in order 

15 to prepare it for human therapy, so as to avoid an unwanted immunological reaction in a 
human individual upon administration thereto. The modification process is commonly 
termed "humanisation". It is known by the skilled artisan that antibodies raised in species, 
other than in humans, require humanisation to render the antibody therapeutically useful 
in humans ( (1) CDR grafting : Protein Design Labs: US 6180370, US 5693761; 

20 Genentech US 6054297; Celltech: 460167, EP 626390, US 5859205; (2) Veneering: 
Xoma: US 5869619, US 5766886, US 5821123). There is a need for a method for 
producing antibodies which avoids the requirement for substantial humanisation, or which 
completely obviates the need for humanisation. There is a need for a new class of 
antibodies which have defined framework regions or amino acid residues and which can 

25 be administered to a human subject without the requirement for substantial humanisation, 
or the need for humanisation at all. 



Another important drawback of conventional antibodies is that they are complex, large 
molecules and therefore relatively unstable, and they are sensitive to breakdown by 

30 proteases. This means that conventional antibody drugs cannot be administered orally, 
sublingually, topically, nasally, vaginally, rectally or by inhalation because they are not 
resistant to the low pH at these sites, the action of proteases at these sites and in the 
blood and/or because of their large size. They have to be administered by injection 
(intravenously, subcutaneously, etc.) to overcome some of these problems. Administration 

35 by injection requires specialist training in order to use a hypodermic syringe or needle 
correctly and safely. It further requires sterile equipment, a liquid formulation of the 
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therapeutic polypeptide, vial packing of said polypeptide in a sterile and stable form and, 
of the subject, a suitable site for entry of the needle. Furthermore, subjects commonly 
experience physical and psychological stress prior to and upon receiving an injection. 
Therefore, there is need for a method for the delivery of therapeutic polypeptides which 
5 avoids the need for injection which is not only cost/time saving, but which would also be 
more convenient and more comfortable for the subject. 

THE AIMS OF THE PRESENT INVENTION 

It is an aim of the present invention is to provide polypeptides comprising one or more 
10 single domain antibodies which bind to EGFR, homologues of said polypeptides, 
functional portions of homologues . Said polypeptides can i) inhibit binding of the natural 
ligand to the receptor and /or, ii) prevent homo- and heterodimerization of the receptor 
and/or iii) induce apoptosis in human cells, thereby modifying the biological activity of 
Epidermal Growth Factor Receptor upon binding. Such polypeptides might bind into the 
15 ligand-binding groove of Epidermal Growth Factor Receptor, or might not bind in the 
ligand binding groove. Such polypeptides are single domain antibodies. 

It is a further aim of the present invention to provide single domain antibodies which may 
be any of the art, or any future single domain antibodies. Examples include, but are not 
20 limited to, heavy chain antibodies, antibodies naturally devoid of light chains, single 
domain antibodies derived from conventional 4-chain antibodies, engineered antibodies 
and single domain scaffolds other than those derived from antibodies. 

It is a further aim of the invention to provide a method of administering anti- Epidermal 
25 Growth Factor Receptor polypeptides intravenously orally, sublingualis topically, nasally, 
vaginally, rectally or by inhalation. 

SUMMARY OF THE INVENTION 

One embodiment of the present invention is an anti-EGFR polypeptide comprising at least 
30 one single domain antibody directed against EGFR. 

Another embodiment of the present invention is an anti-EGFR polypeptide as described 
above wherein at least one single domain antibody corresponds to a sequence 
represented by any of SEQ ID NOs: 1 to 22. 

35 
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Another embodiment of the present invention is an anti-EGFR polypeptide as described 
above further comprising at least one single domain antibody directed against a serum 
protein. 

5 Another embodiment of the present invention is an anti-EGFR polypeptide as described 
above further comprising at least one single domain antibody selected from the group 
consisting of anti-IFN-gamma single domain antibody, anti-TNF-alpha single domain 
antibody, anti-TNF-alpha receptor single domain antibody and anti-IFN-gamma receptor 
single domain antibody. 

10 

Another embodiment of the present invention is an anti-EGFR polypeptide as described 
above, wherein the number of single domain antibodies directed against EGFR is at least 
two. 

15 Another embodiment of the present invention is an anti-EGFR polypeptide as described 
above wherein at least one single domain antibody is a Camelidae VHH. 

Another embodiment of the present invention is an anti-EGFR polypeptide as described 
above wherein at least one single domain antibody is a humanised Camelidae VHH. 

20 

Another embodiment of the present invention is an anti-EGFR polypeptide as described 
above, wherein said single domain antibody is an homologous sequence, a functional 
portion, or a functional portion of an homologous sequence of the full length single domain 
antibody. 

25 

Another embodiment of the present invention is an anti-EGFR polypeptide as described 
above, wherein the anti-EGFR polypeptide is an homologous sequence, a functional 
portion, or a functional portion of an homologous sequence of the full length anti-EGFR 
polypeptide. 

30 

Another embodiment of the present invention is a method of identifying an agent that 
modulates the binding of an anti-EGFR polypeptide as described above to Epidermal 
Growth Factor Receptor: 

(a) contacting a polypeptide as described above with a target that is Epidermal Growth 
35 Factor Receptor, or a fragment thereof, in the presence and absence of a candidate 
modulator under conditions permitting binding between said polypeptide and target, and 
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(b) measuring the binding between the polypeptide and target of step (a), wherein a 
decrease in binding in the presence of said candidate modulator, relative to the binding in 
the absence of said candidate modulator identified said candidate modulator as an agent 
that modulates the binding of an anti-EGFR polypeptide as described above and 
5 Epidermal Growth Factor Receptor. 

Another embodiment of the present invention is a method of identifying an agent that 
modulates Epidermal Growth Factor Receptor mediated disorders through the binding of 
an anti-EGFR polypeptide as described above to Epidermal Growth Factor Receptor 
10 comprising: 

(a) contacting an anti-EGFR polypeptide as described above 9 with a target that is 
Epidermal Growth Factor Receptor, or a fragment thereof, in the presence and absence of 
a candidate modulator under conditions permitting binding between said polypeptide and 
target, and 

15 (b) measuring the binding between the polypeptide and target of step (a), wherein a 
decrease in binding in the presence of said candidate modulator, relative to the binding in 
the absence of said candidate modulator identified said candidate modulator as an agent 
that modulates Epidermal Growth Factor Receptor-mediated disorders. 

20 Another embodiment of the present invention is a method of identifying an agent that 
modulates the binding of Epidermal Growth Factor Receptor to its receptor through the 
binding of an anti-EGFR polypeptide as described above to Epidermal Growth Factor 
Receptor comprising: 

(a) contacting an anti-EGFR polypeptide as described above with a target that is 
25 Epidermal Growth Factor Receptor, or a fragment thereof, or homologous sequence 

thereof, in the presence and absence of a candidate modulator under conditions 
permitting binding between said polypeptide and target, and 

(b) measuring the binding between the polypeptide and target of step (a), wherein a 
decrease in binding in the presence of said candidate modulator, relative to the binding in 

30 the absence of said candidate modulator identified said candidate modulator as an agent 
that modulates the binding of Epidermal Growth Factor Receptor natural ligand. 

Another embodiment of the present invention is a kit for screening for agents that 
modulate Epidermal Growth Factor Receptor -mediated disorders comprising an anti- 
35 EGFR polypeptide as described above and Epidermal Growth Factor Receptor, or a 
fragment thereof thereof. 



WO 2005/044858 PCT/BE2003/000189 

8 

Another embodiment of the present invention is an unknown agent that modulates the 
binding of the polypeptides as described above to Epidermal Growth Factor Receptor, 
identified according to the method as described above. 

5 Another embodiment of the present invention is an unknown agent that modulates 
Epidermal Growth Factor Receptor-mediated disorders, identified according to the 
methods as described above. 

Another embodiment of the present invention is an unknown agent as described above 
10 wherein said disorders are one or more of cancer, rheumatoid arthritis, psoriasis, or 
hypersecretion of mucus in the lung. 

Another embodiment of the present invention is a nucleic acid encoding a polypeptide as 
described above. 

15 

Another embodiment of the present invention is an anti-EGFR polypeptide as described 
above or a nucleic acid as described above, or an agent as described above for treating 
and/or preventing and/or alleviating disorders relating to cancer, rheumatoid arthritis, 
psoriasis, or hypersecretion of mucus in the lung. 

20 

Another embodiment of the present invention is a use of an anti-EGFR polypeptide as 
described above or a nucleic acid as described above, or an agent as described above for 
the preparation of a medicament for treating and/or preventing and/or alleviating disorders 
relating to cancer, rheumatoid arthritis, psoriasis, or hypersecretion of mucus in the lung. 

25 

Another embodiment of the present invention is an anti-EGFR polypeptide as described 
above for treating and/or preventing and/or alleviating disorders susceptible to modulation 
by the delivery of an EGFR antagonist that is able pass through the gastric environment 
without being inactivated. 

30 

Another embodiment of the present invention is a use of anti-EGFR polypeptide as 
described above for the preparation of a medicament for treating, preventing and/or 
alleviating the symptoms of disorders susceptible to modulation by the delivery of an 
EGFR antagonist that is able to pass through the gastric environment without being 
35 inactivated. 
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Another embodiment of the present invention is a polypeptide as described above for 
treating and/or preventing and/or alleviating the symptoms of disorders susceptible to 
modulation by the delivery of an EGFR antagonist to the vaginal and/or rectal tract without 
inactivation. 

5 

Another embodiment of the present invention is a use of a polypeptide as described 
above for the preparation of a medicament for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by the delivery of an EGFR antagonist to 
the vaginal and/or rectal tract without inactivation. 

10 

Another embodiment of the present invention is a polypeptide as described above for 
treating and/or preventing and/or alleviating disorders susceptible to modulation by the 
delivery of an EGFR antagonist to the upper respiratory tract and lung without inactivation. 

15 Another embodiment of the present invention is a use of a polypeptide as described 
above for the preparation of a medicament for treating, preventing and/or alleviating the 
symptoms of disorders requiring the delivery of a therapeutic compound to the upper 
respiratory tract and lung. 

20 Another embodiment of the present invention is a polypeptide as described above for 
treating and/or preventing and/or alleviating disorders susceptible to modulation by the 
delivery of an EGFR antagonist to the intestinal mucosa without inactivation, wherein said 
disorder increases the permeability of the intestinal mucosa. 

25 Another embodiment of the present invention is a use of a polypeptide as described 
above for the preparation of a medicament for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by the delivery of an EGFR antagonist 
without inactivation, wherein said disorder increases the permeability of the intestinal 
mucosa. 

30 

Another embodiment of the present invention is a polypeptide as described above for 
treating and/or preventing and/or alleviating disorders susceptible to modulation by the 
delivery of an EGFR antagonist to the tissues beneath the tongue without inactivation. 

35 Another embodiment of the present invention is a use of a polypeptide as described 
above for the preparation of a medicament for treating, preventing and/or alleviating the 
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symptoms of disorders susceptible to modulation by the delivery of an EGFR antagonist to 
the tissues beneath the tongue without inactivation. 

Another embodiment of the present invention is a polypeptide as described above for 
5 treating and/or preventing and/or alleviating disorders susceptible to modulation by the 
delivery of an EGFR antagonist through the skin without inactivation. 

Another embodiment of the present invention is a use of a polypeptide as described 
above for the preparation of a medicament for treating, preventing and/or alleviating the 
10 symptoms of disorders susceptible to modulation by the delivery of an EGFR antagonist 
through the skin without inactivation. 

Another embodiment of the present invention is a polypeptide, nucleic acid or agent as 
described above, use of a polypeptide, nucleic acid or agent as described above, a 
15 polypeptide as described above, use of a polypeptide as described above wherein said 
disorders are cancer, rheumatoid arthritis, psoriasis, or hypersecretion of mucus in the 
lung. 

Another embodiment of the present invention is a composition comprising a polypeptide 
20 as described above or a nucleic acid as described above, or an agent as described 
above, and a suitable pharmaceutical vehicle. 

Another embodiment of the present invention is a method of diagnosing a disorder 
characterised by the dysfunction of EGFR comprising: 
25 (a) contacting a sample with a polypeptide as described above, 

(b) detecting binding of said polypeptide to said sample, and 

(c) comparing the binding detected in step (b) with a standard, wherein a difference in 
binding relative to said sample is diagnostic of a disorder characterized by dysfunction of 
EGFR. 

30 

Another embodiment of the present invention is a kit for screening for a disorder cited 
above, using a method as described above. 

Another embodiment of the present invention is a kit for screening for a disorder cited 
35 above comprising an isolated polypeptide as described above. 
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Another embodiment of the present invention is a use of a polypeptide as described 
above for the purification of EGFR. 

Another embodiment of the present invention is a use of a polypeptide as described 
5 above for inhibiting the interaction between EGF and one or more EGFR. 

Another embodiment of the present invention is a method for producing a polypeptide as 
described above comprising the steps of: 

(a) obtaining double stranded DNA encoding a Camelidae species single domain heavy 
1 0 chain antibody directed to EGFR or a fragment thereof, 

(b) cloning and expressing the DNA selected in step (b). 

Another embodiment of the present invention is a method of producing a polypeptide as 
described above comprising 
15 (a) culturing host cells comprising nucleic acid capable of encoding a polypeptide as 
described above, under conditions allowing the expression of the polypeptide, and, 
(b) recovering the produced polypeptide from the culture. 

Another embodiment of the present invention is a method as described above, wherein 
20 said host cells are bacterial or yeast. 

Another embodiment of the present invention is a kit for screening for cancer, rheumatoid 
arthritis, psoriasis, or hypersecretion of mucus in the lung, comprising a polypeptide as 
described above. 

25 

Another embodiment of the present invention is a therapeutic composition comprising: 

(a) a VHH which inhibits the growth of human tumor cells by said VHH binding to 
Epidermal Growth Factor Receptor of said tumour cell, and 

(b) an anti-neoplastic agent 

30 

Another embodiment of the present invention is a therapeutic composition as described 
above for separate administration of the components. 

Another embodiment of the present invention is a therapeutic composition as described 
35 above wherein the cancer is selected from the group consisting of breast, ovary, testis, 
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lung, colon, rectum, pancreas, liver, central nervous system, head and neck, kidney, 
bone, blood and lymphatic system. 

BRIEF DESCRIPTION OF FIGURES AND TABLES 

5 

Figure 1. ELISA to detect A431 specific antibody titers in llama serum. 

Figure 2. Detection of EGFR specific antibody titers in llama serum. 

10 Figure 3. Detection of EGFR specific antibody titers in serum of llama 024 and025 (panel 
A) and of llama 026 and 027 (panel B). 

Figure 4. Phage response to EGFR. 

15 Figure 5. Amino acid alignment of 31 clones identified by the epitope specific elution 
selection procedure. 

Figure 6. Phage ELISA on cells (panel A) or on solid-phase immobilized EGFR (panel B) 
of the 20 unique EGFR specific clones identified via the epitope specific elution selection 
20 procedure. 

Figure 7. Internalization of EGFR-IIIa42 with Her-14 (panel A) and 3T3 (panel B). 
Table 1. Immunization schedule and tissue collections. 

25 

Table 2. Overview of constructed libraries. 
Table 3. Overview of epitope specific elution selection procedure. 
30 Table 4. Overview of 'internalization' selection procedure. 

Table 5. EGFR specific antibody variable domain amino acid sequences. 
Table 6. Primer identification table. 

35 
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DETAILED DESCRIPTION 

The present invention relates to an anti-Epidermal Growth Factor Receptor (EGFR) 
polypeptide, comprising at least one single domain antibody which is directed towards 
Epidermal Growth Factor Receptor. The invention also relates to nucleic acids capable of 
5 encoding said polypeptides. 

Another embodiment of the present invention is an anti-Epidermal Growth Factor 
Receptor polypeptide wherein at least one single domain antibody corresponds to a 
sequence corresponding to any of SEQ ID NOs: 1 to 22 as shown in Table 5. Said 
10 sequences are derived from Camelidae heavy chain antibodies (VHHs) which are directed 
towards Epidermal Growth Factor Receptor. 

Single domain antibodies are antibodies whose complementary determining regions are 
part of a single domain polypeptide. Examples include, but are not limited to, heavy chain 

15 antibodies, antibodies naturally devoid of light chains, single domain antibodies derived 
from conventional 4-chain antibodies, engineered antibodies and single domain scaffolds 
other than those derived from antibodies. Single domain antibodies may be any of the art, 
or any future single domain antibodies. Single domain antibodies may be derived from any 
species including, but not limited to mouse, human, camel, llama, goat, rabbit, bovine. 

20 According to one aspect of the invention, a single domain antibodies as used herein is a 
naturally occurring single domain antibody known as heavy chain antibody devoid of light 
chains. Such single domain antibodies are disclosed in WO 94/04678 for example. For 
clarity reasons, this variable domain derived from a heavy chain antibody naturally devoid 
of light chain is known herein as a VHH or nanobody to distinguish it from the 

25 conventional VH of four chain immunoglobulins. Such a VHH molecule can be derived 
from antibodies raised in Camelidae species, for example in camel, dromedary, llama, 
vicuna, alpaca and guanaco. Other species besides Camelidae may produce heavy chain 
antibodies naturally devoid of light chain; such VHHs are within the scope of the invention. 

30 VHHs, according to the present invention, and as known to the skilled addressee are 
heavy chain variable domains derived from immunoglobulins naturally devoid of light 
chains such as those derived from Camelidae as described in WO 94/04678 (and referred 
to hereinafter as VHH domains or nanobodies). VHH molecules are about 10x smaller 
than IgG molecules. They are single polypeptides and very stable, resisting extreme pH 

35 and temperature conditions. Moreover, they are resistant to the action of proteases which 
is not the case for conventional antibodies. Furthermore, in vitro expression of VHHs 
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produces high yield, properly folded functional VHHs. In addition, antibodies generated in 
Camelids will recognize epitopes other than those recognised by antibodies generated in 
vitro through the use of antibody libraries or via immunisation of mammals other than 
Camelids (WO 9749805). As such, anti EGFR VHH's may interact more efficiently with 
5 EGFR than conventional antibodies, thereby blocking its interaction with the EGFR 
ligand(s) more efficiently. Sine VHH's are known to bind into 'unusual' epitopes such as 
cavities or grooves (WO 97/49805), the affinity of such VHH's may be more suitable for 
therapeutic treatment. 

10 Another embodiment of the present invention is an anti-Epidermal Growth Factor 
Receptor consisting of a sequence corresponding to that of a Camelidae VHH directed 
towards EGFR or a closely related family member. The invention also relates to a 
homologous sequence, a function portion or a functional portion of a homologous 
sequence of said polypeptide. The invention also relates to nucleic acids capable of 

1 5 encoding said polypeptides. 

A single domain antibody of the present invention is directed against EGFR or a closely 
related family member. 

20 EGFR is a principal target according to the invention. According to the invention, as and 
discussed below, a polypeptide construct may further comprise single domain antibodies 
directed against other targets such as, for example, serum albumin. A single domain 
antibody directed against a target means a single domain antibody that is capable of 
binding to said target with an affinity of better than 10' 8 M. 

25 

Targets may also be fragments of said targets. Thus a target is also a fragment of said 
target, capable of eliciting an immune response. A target is also a fragment of said target, 
capable of binding to a single domain antibody raised against the full length target. 

30 A fragment as used herein refers to less than 100% of the sequence (e.g., 99%, 90%, 
80%, 70%, 60%, 50%, 40%, 30%, 20%, 10% etc.), but comprising 5, 6, 7, 8, 9, 10, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or more amino acids. A fragment is of 
sufficient length such that the interaction of interest is maintained with affinity of 1 x 10* 6 M 
or better. 

35 
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A fragment as used herein also refers to optional insertions, deletions and substitutions of 
one or more amino acids which do not substantially alter the ability of the target to bind to 
a single domain antibody raised against the wild-type target. The number of amino acid 
insertions deletions or substitutions is preferably up to 1, 2, 3 f 4, 5, 6, 7, 8, 9, 10, 11, 12, 
5 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 
37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 
61, 62, 63, 64, 65, 66, 67, 68, 69 or 70 amino acids. 

The present invention further relates to an anti-Epidermal Growth Factor Receptor 
10 polypeptide, wherein a single domain antibodies is a VHH belonging to a class having 
human-like sequences. 

One such class is characterized in that the VHHs carry an amino acid from the group 
consisting of glycine, alanine, valine, leucine, isoleucine, proline, phenylalanine, tyrosine, 

15 tryptophan, methionine, serine, threonine, asparagine, or glutamine at position 45, such 
as, for example, L45 and a tryptophan at position 103, according to the Kabat numbering. 
Such a humanlike sequence is represented by SEQ ID No. 13. As such, polypeptides 
belonging to this class show a high amino acid sequence homology to human VH 
framework regions and said polypeptides might be administered to a human directly 

20 without expectation of an unwanted immune response therefrom, and without the burden 
of further humanisation. 

Another human-like class of Camelidae single domain antibodies has been described in 
WO 03/035694 and contain the hydrophobic FR2 residues typically found in conventional 

25 antibodies of human origin or from other species, but compensating this loss in 
hydrophilicity by the charged arginine residue on position 103 that substitutes the 
conserved tryptophan residue present in VH from double-chain antibodies. As such, 
peptides belonging to these two classes show a high amino acid sequence homology to 
human VH framework regions and said peptides might be administered to a human 

30 directly without expectation of an unwanted immune response therefrom, and without the 
burden of further humanization. The invention also relates to nucleic acids capable of 
encoding said polypeptides. 

SEQ ID NO: 13 display more than 90% amino acid sequence homology to human VH 
35 framework regions and therefore said VHH might be administered to patients directly 
without expectation of an immune response therefrom, and without the additional burden 
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of humanization. Therefore, one aspect of the present invention allows for the direct 
administration of the polypeptide comprising SEQ ID NO: 13. 

Any of the anti- Epidermal Growth Factor Receptor VHHs disclosed herein may be of the 
5 traditional class or of a class of human-like Camelidae antibodies. Said antibodies may be 
directed against whole Epidermal Growth Factor Receptor or a fragment thereof, or a 
fragment of a homologous sequence thereof. These polypeptides include the full length 
Camelidae antibodies, namely Fc and VHH domains. 

10 Anti-albumin VHH's may interact in a more efficient way with serum albumin which is 
known to be a carrier protein. As a carrier protein some of the epitopes of serum albumin 
may be inaccessible by bound proteins, peptides and small chemical compounds. Since 
VHH's are known to bind into 'unusual 1 or non-conventional epitopes such as cavities (WO 
97/49805), the affinity of such VHH's to circulating albumin may be more suitable for 

1 5 therapeutic treatment. 

The present invention therefore relates to the finding that an anti-EGFR polypeptide of the 
invention further comprising one or more single domain antibodies directed against one or 
more serum proteins of a subject, which surprisingly has significantly prolonged half-life in 
the circulation of said subject compared with the half-life of the anti-target VHH when not 

20 part of said anti-EGFR polypeptide. 

Another embodiment of the present invention is an anti-EGFR polypeptide further 
comprising at least one single domain antibody directed against a serum protein, said 
anti-EGFR polypeptide comprising a sequence corresponding to any represented by SEQ 
25 ID NOs: 27 to 40 (Table 5). 

Another embodiment of the present invention is an anti-EGFR polypeptide, wherein at 
least one anti-serum protein single domain antibody corresponds to a sequence 
represented by any of SEQ ID NOs: 23 to 26 and 41 to 53 as shown in Table 5 

30 

The serum protein may be any suitable protein found in the serum of subject, or fragment 
thereof. In one aspect of the invention, the serum protein is serum albumin, serum 
immunoglobulins, thyroxine-binding protein, transferrin, or fibrinogen. Depending on the 
intended use such as the required half-life for effective treatment and/or 
35 compartimentalisation of the target antigen, the VHH-partner can be directed to one of the 
above serum proteins. 
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Furthermore, the said constructs were found to exhibit the same favourable properties of 
VHHs such as high stability remaining intact in mice, extreme pH resistance, high 
temperature stability and high target affinity. 

5 

Another embodiment of the present invention is a multivalent anti-Epidermal Growth 
Factor Receptor polypeptide as disclosed herein comprising at least two single domain 
antibodies directed against Epidermal Growth Factor Receptor. Such multivalent anti- 
Epidermal Growth Factor Receptor polypeptides have the advantage of unusually high 
10 functional affinity for the target, displaying much higher than expected inhibitory properties 
compared to their monovalent counterparts. 

The multivalent anti-Epidermal Growth Factor Receptor polypeptides have functional 
affinities that are several orders of magnitude higher than the monovalent parent anti- 

15 Epidermal Growth Factor Receptor polypeptides. The inventors have found that the 
functional affinities of these multivalent polypeptides are much higher than those reported 
in the prior art for bivalent and multivalent antibodies. Surprisingly, anti- Epidermal Growth 
Factor Receptor polypeptides of the present invention linked to each other directly or via a 
short linker sequence show the high functional affinities expected theoretically with 

20 multivalent conventional four-chain antibodies. 

The inventors have found that such large increased functional activities can be detected 
preferably with antigens composed of multidomain and multimeric proteins, either in 
straight binding assays or in functional assays, e.g. cytotoxicity assays. 

25 

A multivalent anti-Epidermal Growth Factor Receptor polypeptide as used herein refers to 
a polypeptide comprising two or more anti- Epidermal Growth Factor Receptor 
polypeptides which have been covalently linked. The anti- Epidermal Growth Factor 
Receptor polypeptides may be identical in sequence or may be different in sequence, but 

30 are directed against the same target or antigen. Depending on the number of anti- 
Epidermal Growth Factor Receptor polypeptides linked, a multivalent anti- Epidermal 
Growth Factor Receptor polypeptide may be bivalent (2 anti- Epidermal Growth Factor 
Receptor polypeptides), trivalent (3 anti- Epidermal Growth Factor Receptor 
polypeptides), tetravalent (4 anti- Epidermal Growth Factor Receptor polypeptides) or 

35 have a higher valency molecules. 
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According to one aspect of the present invention, the anti- Epidermal Growth Factor 
Receptor polypeptides are linked to each other directly, without use of a linker. According 
to another aspect of the present invention, the anti- Epidermal Growth Factor Receptor 
polypeptides are linked to each other via a peptide linker sequence. Such linker sequence 

5 may be a naturally occurring sequence or a non-naturally occurring sequence. The linker 
sequence is expected to be non-immunogenic in the subject to which the anti- Epidermal 
Growth Factor Receptor polypeptides is administered. The linker sequence may provide 
sufficient flexibility to the multivalent anti- Epidermal Growth Factor Receptor polypeptide, 
at the same time being resistant to proteolytic degradation. A non-limiting example of a 

10 linker sequences is one that can be derived from the hinge region of VHHs described in 
WO 96/34103. 

It is an aspect of the invention that a multivalent anti- Epidermal Growth Factor Receptor 
polypeptides disclosed above may be used instead of or as well as the single unit anti- 
15 Epidermal Growth Factor Receptor polypeptides in the therapies and methods of delivery 
as mentioned herein. 

The single domain antibodies may be joined to form any of the anti-Epidermal Growth 
Factor Receptor polypeptides disclosed herein comprising more than one single domain 

20 antibody using methods known in the art or any future method. They may be joined non- 
covalently (e.g. using streptavidin/biotin combination, antibody/tag combination) or 
covalently. They may be fused by chemical cross-linking by reacting amino acid residues 
with an organic derivatising agent such as described by Blattler et a/, Biochemistry 
24,1517-1524; EP294703. Alternatively, the single domain antibody may be fused 

25 genetically at the DNA level i.e. anti-Epidermal Growth Factor Receptor polypeptide 
formed which encodes the complete polypeptide comprising one or more anti-Epidermal 
Growth Factor Receptor single domain antibodies. A method for producing bivalent or 
multivalent anti-Epidermal Growth Factor Receptor polypeptide is disclosed in PCT patent 
application WO 96/34103. One way of joining VHH antibodies is via the genetic route by 

30 linking a VHH antibody coding sequences either directly or via a peptide linker. For 
example, the C-terminal end of the VHH antibody may be linked to the N-terminal end of 
the next single domain antibody. 

This linking mode can be extended in order to link additional single domain antibodies for 
35 the construction and production of tri-, tetra-, etc. functional constructs. 
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According to one aspect of the present invention, the single domain antibodies are linked 
to each other via a peptide linker sequence. Such linker sequence may be a naturally 
occurring sequence or a non-naturally occurring sequence. The linker sequence is 
expected to be non-immunogenic in the subject to which the anti-IFN-gamma polypeptide 
5 is administered. The linker sequence may provide sufficient flexibility to the anti- 
Epidermal Growth Factor Receptor polypeptide, at the same time being resistant to 
proteolytic degradation. A non-limiting example of a linker sequences is one that can be 
derived from the hinge region of VHHs described in WO 96/34103. 

10 The polypeptide disclosed herein may be made by the skilled artisan according to 
methods known in the art or any future method. For example, VHHs may be obtained 
using methods known in the art such as by immunizing a camel and obtaining hybridomas 
therefrom, or by cloning a library of single domain antibodies using molecular biology 
techniques known in the art and subsequent selection by ELISA with individual clones of 

15 unselected libraries or by using phage display. 

According to an aspect of the invention an anti-Epidermal Growth Factor Receptor 
polypeptide may be a homologous sequence of a full-length anti-Epidermal Growth Factor 
Receptor polypeptide. According to another aspect of the invention, an anti-Epidermal 

20 Growth Factor Receptor polypeptide may be a functional portion of a full-length anti- 
Epidermal Growth Factor Receptor polypeptide. According to another aspect of the 
invention, an anti-Epidermal Growth Factor Receptor polypeptide may be a homologous 
sequence of a full length anti-Epidermal Growth Factor Receptor polypeptide. According 
to another aspect of the invention, an anti-Epidermal Growth Factor Receptor polypeptide 

25 may be a functional portion of a homologous sequence of a full length anti-Epidermal 
Growth Factor Receptor polypeptide. According to an aspect of the invention an anti- 
Epidermal Growth Factor Receptor polypeptide may comprise a sequence of an anti- 
Epidermal Growth Factor Receptor polypeptide. 

30 According to an aspect of the invention a single domain antibody used to form an anti- 
Epidermal Growth Factor Receptor polypeptide may be a complete single domain 
antibody (e.g. a VHH) or a homologous sequence thereof. According to another aspect of 
the invention, a single domain antibody used to form an anti-Epidermal Growth Factor 
Receptor polypeptide may be a functional portion of a complete single domain antibody. 

35 According to another aspect of the invention, a single domain antibody used to form an 
anti-Epidermal Growth Factor Receptor polypeptide may be a homologous sequence of a 
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complete single domain antibody. According to another aspect of the invention, a single 
domain antibody used to form an anti-Epidermal Growth Factor Receptor polypeptide may 
be a functional portion of a homologous sequence of a complete single domain antibody. 

5 As used herein, a homologous sequence of the present invention may comprise additions, 
deletions or substitutions of one or more amino acids, which do not substantially alter the 
functional characteristics of the polypeptides of the invention. For the anti-Epidermal 
Growth Factor Receptor polypeptides, the number of amino acid deletions or substitutions 
is preferably up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 

10 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 
47, 48, 49, 50, 51 , 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69 or 
70 amino acids. 

A homologous sequence according to the present invention may be a sequence modified 
15 by the addition, deletion or substitution of amino acids, said modification not substantially 
altering the functional characteristics compared with the unmodified polypeptide. 

A homologous sequence according to the present invention may be a sequence which 
exists in other Camelidae species such as, for example, camel, dromedary, llama, vicuna, 
20 alpaca and guanaco. 

Where homologous sequence indicates sequence identity, it means a sequence which 
presents a high sequence identity (more than 70%, 75%, 80%, 85%, 90%, 95% or 98% 
sequence identity) with the parent sequence and is preferably characterised by similar 
25 properties of the parent sequence, namely affinity, said identity calculated using known 
methods. 

Alternatively, a homologous sequence may also be any amino acid sequence resulting 

from allowed substitutions at any number of positions of the parent sequence according to 
30 the formula below: 

Ser substituted by Ser, Thr, Gly, and Asn; 

Arg substituted by one of Arg, His, Gin, Lys, and Glu; 

Leu substituted by one of Leu, lie, Phe, Tyr, Met, and Val; 

Pro substituted by one of Pro, Gly, Ala, and Thr; 
35 Thr substituted by one of Thr, Pro, Ser, Ala, Gly, His, and Gin; 

Ala substituted by one of Ala, Gly, Thr, and Pro; 
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Val substituted by one of Val, Met, Tyr, Phe, lie, and Leu; 
Gly substituted by one of Giy, Ala, Thr, Pro, and Sen 
He substituted by one of lie, Met, Tyr, Phe, Val, and Leu; 
Phe substituted by one of Phe, Trp, Met, Tyr, lie, Val, and Leu; 
5 Tyr substituted by one of Tyr, Trp, Met, Phe, lie, Val, and Leu; 
His substituted by one of His, Glu, Lys, Gin, Thr, and Arg; 
Gin substituted by one of Gin, Glu, Lys, Asn, His, Thr, and Arg; 
Asn substituted by one of Asn, Glu, Asp, Gin, and Ser; 
Lys substituted by one of Lys, Glu, Gin, His, and Arg; 
10 Asp substituted by one of Asp, Glu, and Asn; 

Glu substituted by one of Glu, Asp, Lys, Asn, Gin, His, and Arg; 
Met substituted by one of Met, Phe, He, Val, Leu, and Tyr. 

A homologous nucleotide sequence according to the present invention may refer to 
15 nucleotide sequences of more than 50, 100, 200, 300, 400, 500, 600, 800 or 1000 
nucleotides able to hybridize to the reverse-complement of the nucleotide sequence 
capable of encoding the patent sequence, under stringent hybridization conditions (such 
as the ones described by Sambrook et a/., Molecular Cloning, Laboratory Manuel, Cold 
Spring, Harbor Laboratory press, New York. 

20 

As used herein, a functional portion refers to a sequence of a single domain antibody that 
is of sufficient size such that the interaction of interest is maintained with affinity of 1 x 10" 6 
M or better. 

25 Alternatively, a functional portion comprises a partial deletion of the complete amino acid 
sequence and which still maintains the binding site(s) and protein domain(s) necessary for 
the binding of and interaction with Epidermal Growth Factor Receptor. 

As used herein, a functional portion as it refers to the polypeptide sequence an anti- 
30 Epidermal Growth Factor Receptor polypeptide refers to less than 100% of the sequence 
(e.g., 99%, 90%, 80%, 70%, 60% 50% etc.), but comprising 5 or more amino acids or 15 
or more nucleotides. 

A portion as it refers to the polypeptide of an anti-Epidermal Growth Factor Receptor 
35 polypeptide, refers to less than 100% of the sequence (e.g., 99%, 90%, 80%, 70%, 60% 
50% etc.), but comprising 5 or more amino acids or 15 or more nucleotides. 
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One embodiment of the present invention relates to a method for preparing modified 
polypeptides based upon llama antibodies by determining the amino acid residues of the 
antibody variable domain (VHH) which may be modified without diminishing the native 
affinity of the domain for antigen and while reducing its immunogenicity with respect to a 
5 heterologous species; the use of VHHs having modifications at the identified residues 
which are useful for administration to heterologous species; and to the VHH so modified. 
More specifically, the invention relates to the preparation of modified VHHs, which are 
modified for administration to humans, the resulting VHH themselves, and the use of such 
"humanized" VHHs in the treatment of diseases in humans. By humanized is meant 

10 mutated so that immunogenicity upon administration in human patients is minor or 
nonexistent. Humanizing a polypeptide, according to the present invention, comprises a 
step of replacing one or more of the Camelidae amino acids by their human counterpart 
as found in the human consensus sequence, without that polypeptide losing its typical 
character, i.e. the humanization does not significantly affect the antigen binding capacity 

15 of the resulting polypeptide. Such methods are known by the skilled addressee. 
Humanization of Camelidae single domain antibodies requires the introduction and 
mutagenesis of a limited amount of amino acids in a single polypeptide chain. This is in 
contrast to humanization of scFv, Fab', (Fab')2 and IgG, which requires the introduction of 
amino acid changes in two chains, the light and the heavy chain and the preservation of 

20 the assembly of both chains. 

As a non-limited example, the polypeptide of SEQ ID 13 containing human-like residues in 
FR2 was humanized. Humanization required mutagenesis of residues in FR1 at position 1 
and 5 which were introduced by the primer used for repertoire cloning and do not occur 

25 naturally in the llama sequence. Mutagenesis of those residues did not result in loss of 
binding and/or inhibition activity. Humanization also required mutagenesis of residues in 
FR3 at position 74, 76, 83, 84, 93. Mutagenesis of those residues did not result in a 
dramatic loss of binding and/or inhibition activity (data not shown). Combining the 
mutations of FR1 and FR3 therefore did not affect the binding and/or inhibition activity 

30 (data not shown). 

Humanization also required mutagenesis of residues in FR4 at position 108. Mutagenesis 
of Q108L resulted in lower production level in Escherichia coli. Position 108 is solvent 
exposed in camelid VHH, while in human antibodies this position is buried at the VH-VL 
35 interface (Spinelli, 1996; Nieba, 1997). In isolated VHHs position 108 is solvent exposed. 
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The introduction of a non-polar hydrophobic Leu instead of polar uncharged Gin can have 
a drastic effect on the intrinsic folding/stability of the molecule. 

As a non-limited example, the polypeptide represented in SEQ ID 6 containing camelid 
hallmark residues at position 37, 44, 45 and 47 with hydrophilic characteristics was 
5 humanized. Replacement of the hydrophilic residues by human hydrophobic residues at 
positions 44 and 45 (E44G and R45L), did not have an effect on binding and/or inhibition. 
However, loss of binding and/or inhibition activity was observed when F37V and F47W 
were introduced. Modeling data confirmed the critical residue 37 to preserve the integrity 
of the CDR3 loop conformation and hence on activity (data not shown; all numbering 
10 according to Kabat). 

One embodiment of the present invention is a method for humanizing a VHH comprising 
the steps of replacing of any of the following residues either alone or in combination: 

FR1 position 1, 5, 28 and 30, 
15 the hallmark amino acid at position 44 and 45 in FR2, 

FR3 residues 74, 75, 76, 83, 84, 93 and 94 , 

and positions 103, 104, 108 and 111 in FR4 ; 
(numbering according to the Kabat numbering). 

20 One embodiment of the present invention is an anti-Epidermal Growth Factor Receptor 
polypeptide as disclosed herein, or a nucleic acid capable of encoding said polypeptide for 
use in treating, preventing and/or alleviating the symptoms of disorders relating to 
inflammatory processes, or having cytostatic or cytotoxic effects on tumors. 

25 Another embodiment of the present invention is a use of an anti-Epidermal Growth Factor 
Receptor VHH as disclosed herein, or a nucleic acid capable of encoding said polypeptide 
for the preparation of a medicament for treating a disorder relating to inflammatory 
processes and cancer. 

30 Epidermal Growth Factor Receptor is involved in inflammatory processes, and the 
blocking of Epidermal Growth Factor Receptor action can have an anti-inflammatory 
effect, which is highly desirable in certain disease states such as, for example, 
inflammatory arthritis or psoriasis. Furthermore, blocking of the Epidermal Growth Factor 
Receptor can inhibit the growth of human tumors. Our Examples demonstrate VHHs 

35 according to the invention which bind Epidermal Growth Factor Receptor and moreover, 
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block ligand binding to the Epidermal Growth Factor Receptor, prevent (hetero- 
)dimerization of the receptor and/or induce apoptosis. 

The polypeptides and method of the present invention are applicable to epithelial cancers, 
5 such as lung, liver, central nervous system, bone, blood and lymphatic system, colon, 
breast, prostate, rectum, bladder, head and neck, ovarian, testis, pancreatic and squamos 
cell carcinoma. This listing of human cancers is intended to be exemplary rather than 
inclusive. 

10 The method of the present invention is applicable to autoimmune diseases, such as 
Addison's disease (adrenal), Autoimmune diseases of the ear (ear), Autoimmune 
diseases of the eye (eye), Autoimmune hepatitis (liver), Autoimmune parotitis (parotid 
glands), Crohn's disease (intestine), Diabetes Type I (pancreas), Epididymitis 
(epididymis), Glomerulonephritis (kidneys), Graves 1 disease (thyroid), Guillain-Barre 

15 syndrome (nerve cells), Hashimoto's disease (thyroid), Hemolytic anemia (red blood 
cells), Systemic lupus erythematosus (multiple tissues), Male infertility (sperm), Multiple 
sclerosis (nerve cells), Myasthenia Gravis (neuromuscular junction), Pemphigus (primarily 
skin), Psoriasis (skin), Rheumatic fever (heart and joints), Rheumatoid arthritis (joint 
lining), Sarcoidosis (multiple tissues and organs), Scleroderma (skin and connective 

20 tissues), Sjogren's syndrome (exocrine glands, and other tissues), Spondyloarthropathies 
(axial skeleton, and other tissues), Thyroiditis (thyroid), Vasculitis (blood vessels). Within 
parenthesis is the tissue affected by the disease. This listing of autoimmune diseases is 
intended to be exemplary rather than inclusive. 

25 The present invention provides a therapeutic composition comprising an anti- Epidermal 
Growth Factor Receptor VHH which inhibits or kills human tumor cells by said VHH 
binding to the human Epidermal Growth Factor Receptor of said tumor cells either alone 
or in combination with anti-neoplastic or chemotherapeutic agents. Anti-neoplastic or 
chemotherapeutic agents such as doxorubicin and cisplatin are well known in the art. 

30 

Polypeptides and nucleic acids according to the present invention may be administered to 
a subject by conventional routes, such as intravenously. However, a special property of 
the anti-Epidermal Growth Factor Receptor polypeptides of the invention is that they are 
sufficiently small to penetrate barriers such as tissue membranes and/or tumors and act 
35 locally and act locally thereon, and they are sufficiently stable to withstand extreme 
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environments such as in the stomach. Therefore, another aspect of the present invention 
relates to the delivery of anti-Epidermal Growth Factor Receptor polypeptides. 

A subject according to the invention can be any mammal susceptible to treatment by 
5 therapeutic polypeptides. 

Oral delivery of anti-Epidermal Growth Factor Receptor polypeptides of the invention 
results in the provision of such molecules in an active form at local sites that are affected 
by the disorder. The anti-Epidermal Growth Factor Receptor polypeptides of the invention 

10 which bind to Epidermal Growth Factor Receptor can neutralise the receptor locally, 
avoiding distribution throughout the whole body and thus limiting negative side-effects. 
Genetically modified microorganisms such as Micrococcus lactis are able to secrete 
antibody fragments. Such modified microorganisms can be used as vehicles for local 
production and delivery of antibody fragments in the intestine. By using a strain which 

15 produces a Epidermal Growth Factor Receptor neutralizing antibody fragment, 
inflammation and certain cancers could be treated. 

Another aspect of the invention involves delivering anti-Epidermal Growth Factor Receptor 
polypeptides by using surface expression on or secretion from non-invasive bacteria, such 
20 as Gram-positive host organisms like Lactococcus spec, using a vector such as 
described in WO00/23471. 

One embodiment of the present invention is an anti-Epidermal Growth Factor Receptor 
polypeptide as disclosed herein for use in treating, preventing and/or alleviating the 
25 symptoms of disorders susceptible to modulation by an EGFR antagonist that is able to 
pass through the gastric environment without the polypeptide being inactivated. 

Examples of disorders are cancers and any that cause inflammation, including but not 
limited to rheumatoid arthritis and psoriasis. As known by persons skilled in the art, once 
30 in possession of said anti-Epidermal Growth Factor Receptor, formulation technology may 
be applied to release a maximum amount of polypeptide in the right location (in the 
stomach, in the colon, etc.). This method of delivery is important for treating, preventing 
and/or alleviating the symptoms of disorders whose targets are located in the gut system. 

35 An aspect of the invention is a method for treating, preventing and/or alleviating the 
symptoms of a disorder susceptible to EGFR modulaters that are able to pass through the 



WO 2005/044858 PCT/BE2003/000189 

26 

gastric environment without being inactivated, by orally administering to a subject an anti- 
Epidermal Growth Factor Receptor as disclosed herein. 

Another embodiment of the present invention is a use of an anti-Epidermal Growth Factor 
5 Receptor polypeptide as disclosed herein for the preparation of a medicament for treating, 
preventing and/or alleviating the symptoms of disorders susceptible to EGFR modulators 
that are able to pass through the gastric environment without being inactivated. 

An aspect of the invention is a method for delivering an EGFR modulator to the gut 
10 system without said compound being inactivated, by orally administering to a subject an 
anti-Epidermal Growth Factor Receptor polypeptide as disclosed herein. 

An aspect of the invention is a method for delivering an EGFR modulator to the 
bloodstream of a subject without the compound being inactivated, by orally administering 
15 to a subject an anti-Epidermal Growth Factor Receptor polypeptide as disclosed herein. 

Another embodiment of the present invention is an anti-Epidermal Growth Factor 
Receptor polypeptide as disclosed herein for use in treating, preventing and/or alleviating 
the symptoms or disorders susceptible to EGFR modulators delivered to the vaginal 
20 and/or rectal tract. 

Examples of disorders are cancers and any that cause inflammation, including but not 
limited to rheumatoid arthritis and psoriasis. In a non-limiting example, a formulation 
according to the invention comprises an anti-Epidermal Growth Factor Receptor 
25 polypeptide as disclosed herein comprising one or more single domain antibodies directed 
against EGFR, in the form of a gel, cream, suppository, film, or in the form of a sponge or 
as a vaginal ring that slowly releases the active ingredient over time (such formulations 
are described in EP 707473, EP 684814, US 5629001). 

30 An aspect of the invention is a method for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to EGFR modulators delivered to the vaginal and/or 
rectal tract, by vaginally and/or rectally administering to a subject an anti-Epidermal 
Growth Factor Receptor polypeptide as disclosed herein. 

35 Another embodiment of the present invention is a use of an anti-Epidermal Growth Factor 
Receptor polypeptide as disclosed herein for the preparation of a medicament for treating, 
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preventing and/or alleviating the symptoms of disorders susceptible to modulation by an 
EGFR binding fragment delivered to the vaginal and/or rectal tract. 

An aspect of the invention is a method for delivering an EGFR modulator to the vaginal 
5 and/or rectal tract without being said modulator being inactivated, by administering to the 
vaginal and/or rectal tract of a subject an anti-Epidermal Growth Factor Receptor 
polypeptide as disclosed herein. 

An aspect of the invention is a method for delivering an EGFR modulator to the 
10 bloodstream of a subject without said modulator being inactivated, by administering to the 
vaginal and/or rectal tract of a subject an anti-Epidermal Growth Factor Receptor 
polypeptide as disclosed herein. 

Another embodiment of the present invention is an anti-Epidermal Growth Factor 
15 Receptor polypeptide as disclosed herein, for use in treating, preventing and/or alleviating 
the symptoms of disorders susceptible to EGFR modulators delivered to the nose, upper 
respiratory tract and/or lung. 

Examples of disorders are cancers and any that cause inflammation, including but not 
20 limited to inflammatory arthritis and psoriasis. In a non-limiting example, a formulation 
according to the invention, comprises an anti-Epidermal Growth Factor Receptor 
polypeptide as disclosed herein directed against EGFR in the form of a nasal spray (e.g. 
an aerosol) or inhaler. Since the anti-Epidermal Growth Factor Receptor polypeptide is 
small, it can reach its target much more effectively than therapeutic IgG molecules. 

25 

An aspect of the invention is a method for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to EGFR modulators delivered to the upper respiratory 
tract and lung, by administering to a subject an anti-Epidermal Growth Factor Receptor 
polypeptide as disclosed herein, by inhalation through the mouth or nose. 

30 

Another embodiment of the present invention is a use of an anti-Epidermal Growth Factor 
Receptor polypeptide as disclosed herein for the preparation of a medicament for treating, 
preventing and/or alleviating the symptoms of disorders susceptible to modulation by an 
EGFR binding fragment delivered to the nose, upper respiratory tract and/or lung, without 
35 said polypeptide being inactivated. 
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An aspect of the invention is a method for delivering an EGFR modulator to the nose, 
upper respiratory tract and lung without inactivation, by administering to the nose, upper 
respiratory tract and/or lung of a subject an anti-Epidermal Growth Factor Receptor 
polypeptide as disclosed herein. 

5 

An aspect of the invention is a method for delivering an EGFR modulator to the 
bloodstream of a subject without inactivation by administering to the nose, upper 
respiratory tract and/or lung of a subject an anti-Epidermal Growth Factor Receptor 
polypeptide as disclosed herein. 

10 

One embodiment of the present invention is an anti-Epidermal Growth Factor Receptor 
polypeptide as disclosed herein for use in treating, preventing and/or alleviating the 
symptoms of disorders susceptible to EGFR modulators delivered to the intestinal 
mucosa, wherein said disorder increases the permeability of the intestinal mucosa. 
15 Because of their small size, an anti-Epidermal Growth Factor Receptor polypeptide as 
disclosed herein can pass through the intestinal mucosa and reach the bloodstream more 
efficiently in subjects suffering from disorders which cause an increase in the permeability 
of the intestinal mucosa, for example Crohn's disease. 

20 An aspect of the invention is a method for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to EGFR modulators delivered to the intestinal 
mucosa, wherein said disorder increases the permeability of the intestinal mucosa, by 
orally administering to a subject an anti-Epidermal Growth Factor Receptor polypeptide as 
disclosed herein. 

25 

This process can be even further enhanced by an additional aspect of the present 
invention - the use of active transport carriers. In this aspect of the invention, VHH is fused 
to a carrier that enhances the transfer through the intestinal wall into the bloodstream. In a 
non-limiting example, this "carrier" is a second VHH which is fused to the therapeutic 
30 VHH. Such fusion constructs are made using methods known in the art. The "carrier" VHH 
binds specifically to a receptor on the intestinal wall which induces an active transfer 
through the wall. 

Another embodiment of the present invention is a use of an anti-Epidermal Growth Factor 
35 Receptor polypeptide as disclosed herein for the preparation of a medicament for treating, 
preventing and/or alleviating the symptoms of disorders susceptible EGFR modulators 
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delivered to the intestinal mucosa, wherein said disorder increases the permeability of the 
intestinal mucosa. 

An aspect of the invention is a method for delivering an EGFR modulator to the intestinal 
5 mucosa without being inactivated, by administering orally to a subject an anti-Epidermal 
Growth Factor Receptor polypeptide comprising one or more single domain antibodies 
directed against EGFR. 

An aspect of the invention is a method for delivering an EGFR modulator to the 
10 bloodstream of a subject without being inactivated, by administering orally to a subject an 
anti-Epidermal Growth Factor Receptor polypeptide comprising one or more single 
domain antibodies directed against EGFR. 

This process can be even further enhanced by an additional aspect of the present 
15 invention - the use of active transport carriers. In this aspect of the invention, an anti- 
Epidermal Growth Factor Receptor polypeptide as described herein is fused to a carrier 
that enhances the transfer through the intestinal wall into the bloodstream. In a non- 
limiting example, this "carrier" is a VHH which is fused to said polypeptide. Such fusion 
constructs made using methods known in the art. The "carrier" VHH binds specifically to a 
20 receptor on the intestinal wall which induces an active transfer through the wall. 

One embodiment of the present invention is an anti-Epidermal Growth Factor Receptor 
polypeptide as disclosed herein for use in treating, preventing and/or alleviating the 
symptoms of disorders susceptible to EGFR modulator that is able to pass through the 
25 tissues beneath the tongue effectively. A formulation of said an anti-Epidermal Growth 
Factor Receptor polypeptide as disclosed herein, for example, a tablet, spray, drop is 
placed under the tongue and adsorbed through the mucus membranes into the capillary 
network under the tongue. 

30 An aspect of the invention is a method for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by a therapeutic compound that is able 
to pass through the tissues beneath the tongue effectively, by sublingual^ administering 
to a subject an anti-Epidermal Growth Factor Receptor polypeptide as disclosed herein. 

35 Another embodiment of the present invention is a use of an anti-Epidermal Growth Factor 
Receptor polypeptide as disclosed herein for the preparation of a medicament for treating, 
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preventing and/or alleviating the symptoms of disorders susceptible to an EGFR 
modulator that is able to pass through the tissues beneath the tongue. 

An aspect of the invention is a method for delivering an EGFR modulator to the tissues 
5 beneath the tongue without being inactivated, by administering sublingually to a subject 
an anti-Epidermal Growth Factor Receptor polypeptide as disclosed herein. 

An aspect of the invention is a method for delivering an EGFR modulator to the 
bloodstream of a subject without being inactivated, by administering orally to a subject an 
1 0 anti-Epidermal Growth Factor Receptor polypeptide as disclosed herein. 

One embodiment of the present invention is an anti-Epidermal Growth Factor Receptor 
polypeptide as disclosed herein for use in treating, preventing and/or alleviating the 
symptoms of disorders susceptible to an EGFR modulator that is able to pass through the 
15 skin effectively. 

Examples of disorders are cancers and any that cause inflammation, including but not 
limited to rheumatoid arthritis and psoriasis. A formulation of said an anti-Epidermal 
Growth Factor Receptor polypeptide, for example, a cream, film, spray, drop, patch, is 
20 placed on the skin and passes through. 

An aspect of the invention is a method for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to an EGFR modulator that is able to pass through the 
skin effectively, by topically administering to a subject an anti-Epidermal Growth Factor 
25 Receptor polypeptide as disclosed herein. 

Another embodiment of the present invention is a use of an anti-Epidermal Growth Factor 
Receptor polypeptide as disclosed herein for the preparation of a medicament for treating, 
preventing and/or alleviating the symptoms of disorders susceptible to modulation by an 
30 EGFR modulator that is able pass through the skin effectively. 

An aspect of the invention is a method for delivering an EGFR modulator to the skin 
without being inactivated, by administering topically to a subject an anti-Epidermal Growth 
Factor Receptor polypeptide as disclosed herein. 

35 
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An aspect of the invention is a method for delivering an EGFR modulator to the 
bloodstream of a subject, by administering topically to a subject an anti-Epidermal Growth 
Factor Receptor polypeptide as disclosed herein. 

5 In another embodiment of the present invention, an anti-Epidermal Growth Factor 
Receptor polypeptide further comprises a carrier single domain antibody (e.g. VHH) which 
acts as an active transport carrier for transport said anti-Epidermal Growth Factor 
Receptor polypeptide, the lung lumen to the blood. 

10 Examples of disorders are cancers and any that cause inflammation, including but not 
limited to hypersecretion of lung mucus, rheumatoid arthritis, and psoriasis. The anti- 
Epidermal Growth Factor Receptor polypeptide further comprising a carrier binds 
specifically to a receptor present on the mucosal surface (bronchial epithelial cells) 
resulting in the active transport of the polypeptide from the lung lumen to the blood. The 

15 carrier single domain antibody may be fused to the anti-Epidermal Growth Factor 
Receptor polypeptide. Such fusion constructs made using methods known in the art and 
are describe herein. The "carrier" single domain antibody binds specifically to a receptor 
on the mucosal surface which induces an active transfer through the surface. 

20 Another aspect of the present invention is a method to determine which single domain 
antibodies (e.g. VHHs) are actively transported into the bloodstream upon nasal 
administration. Similarly, a naive or immune VHH phage library can be administered 
nasally, and after different time points after administration, blood or organs can be isolated 
to rescue phages that have been actively transported to the bloodstream. A non-limiting 

25 example of a receptor for active transport from the lung lumen to the bloodstream is the 
Fc receptor N (FcRn). One aspect of the invention includes the VHH molecules identified 
by the method. Such VHH can then be used as a carrier VHH for the delivery of a 
therapeutic VHH to the corresponding target in the bloodstream upon nasal 
administration. 

30 

In one aspect of the invention, one can use an anti-Epidermal Growth Factor Receptor 
polypeptide as disclosed herein, in order to screen for agents that modulate the binding of 
said polypeptide to Epidermal Growth Factor Receptor. When identified in an assay that 
measures binding or said polypeptide displacement alone, agents will have to be 
35 subjected to functional testing to determine whether they would modulate the action of the 
Epidermal Growth Factor Receptor in vivo. Examples of screening assays are given below 
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primarily in respect of SEQ ID NO: 3, though any anti-Epidermal Growth Factor Receptor 
polypeptide, as disclosed herein as disclosed herein may be appropriate. 

In an example of a displacement experiment, phage or cells expressing Epidermal Growth 
5 Factor Receptor are incubated in binding buffer with, for example, a polypeptide 
represented by SEQ ID NO: 3 which has been labeled, in the presence or absence of 
increasing concentrations of a candidate modulator. To validate and calibrate the assay, 
control competition reactions using increasing concentrations of said polypeptide and 
which is unlabeled, can be performed. After incubation, cells are washed extensively, and 
10 bound, labeled polypeptide is measured as appropriate for the given label (e.g., 
scintillation counting, fluorescence, etc.). A decrease of at least 10% in the amount of 
labeled polypeptide bound in the presence of candidate modulator indicates displacement 
of binding by the candidate modulator. Candidate modulators are considered to bind 
specifically in this or other assays described herein if they displace 50% of labeled 
15 polypeptide (sub-saturating polypeptide dose) at a concentration of 1 pM or less. 

Alternatively, binding or displacement of binding can be monitored by surface plasmon 
resonance (SPR). Surface plasmon resonance assays can be used as a quantitative 
method to measure binding between two molecules by the change in mass near an 

20 immobilized sensor caused by the binding or loss of binding of, for example, the 
polypeptide represented by SEQ ID NO: 3 from the aqueous phase to Epidermal Growth 
Factor Receptor, or fragment thereof immobilized in a membrane on the sensor. This 
change in mass is measured as resonance units versus time after injection or removal of 
the said polypeptide or candidate modulator and is measured using a Biacore Biosensor 

25 (Biacore AB). Epidermal Growth Factor Receptor, or fragment thereof can be for example 
immobilized on a sensor chip (for example, research grade CMS chip; Biacore AB) in a 
thin film lipid membrane according to methods described by Salamon et al. (Salamon et 
a/., 1996, Biophys J. 71: 283-294; Salamon ef a/., 2001, Biophys. J. 80: 1557-1567; 
Salamon et al., 1999, Trends Biochem. Sci. 24: 213-219, each of which is incorporated 

30 herein by reference). Sarrio et al. demonstrated that SPR can be used to detect ligand 
binding to the GPCR A(1) adenosine receptor immobilized in a lipid layer on the chip 
(Sarrio et al., 2000, Mol. Cell. Biol. 20: 5164-5174, incorporated herein by reference). 
Conditions for the binding of SEQ ID NO:3 to Epidermal Growth Factor Receptor, or 
fragment thereof in an SPR assay can be fine-tuned by one of skill in the art using the 

35 conditions reported by Sarrio ef a/, as a starting point. 
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SPR can assay for modulators of binding in at least two ways. First, a polypeptide 
represented by SEQ ID NO: 3, for example, can be pre-bound to immobilized Epidermal 
Growth Factor Receptor, or fragment thereof, followed by injection of candidate modulator 
at a concentration ranging from 0.1 nM to 1 pM. Displacement of the bound polypeptide 

5 can be quantitated, permitting detection of modulator binding. Alternatively, the 
membrane-bound Epidermal Growth Factor Receptor, or fragment thereof can be pre- 
incubated with a candidate modulator and challenged with, for example, a polypeptide 
represented by SEQ ID NO: 3. A difference in binding affinity between said polypeptide 
and Epidermal Growth Factor Receptor, or fragment thereof pre-incubated with the 

10 modulator, compared with that between said polypeptide and Epidermal Growth Factor 
Receptor, or fragment thereof in absence of the modulator will demonstrate binding or 
displacement of said polypeptide in the presence of modulator. In either assay, a 
decrease of 10% or more in the amount of said polypeptide bound in the presence of 
candidate modulator, relative to the amount of said polypeptide bound in the absence of 

15 candidate modulator indicates that the candidate modulator inhibits the interaction of 
Epidermal Growth Factor Receptor, or fragment thereof and said polypeptide. 

Another method of detecting inhibition of binding of, for example, a polypeptide 
represented by SEQ ID NO: 3, to Epidermal Growth Factor Receptor, or fragment thereof 

20 uses fluorescence resonance energy transfer (FRET). FRET is a quantum mechanical 
phenomenon that occurs between a fluorescence donor (D) and a fluorescence acceptor 
(A) in close proximity to each other (usually < 100 A of separation) if the emission 
spectrum of D overlaps with the excitation spectrum of A. The molecules to be tested, 
e.g. a polypeptide represented by SEQ ID NO: 3 and an Epidermal Growth Factor 

25 Receptor, or fragment thereof, are labeled with a complementary pair of donor and 
acceptor fluorophores. While bound closely together by the Epidermal Growth Factor 
Receptor: polypeptide interaction, the fluorescence emitted upon excitation of the donor 
fluorophore will have a different wavelength from that emitted in response to that 
excitation wavelength when the said polypeptide and Epidermal Growth Factor Receptor, 

30 or fragment thereof are not bound, providing for quantification of bound versus unbound 
molecules by measurement of emission intensity at each wavelength. Donor fluorophores 
with which to label the Epidermal Growth Factor Receptor, or fragment thereof are well 
known in the art. Of particular interest are variants of the A. Victoria GFP known as Cyan 
FP (CFP, Donor (D)) and Yellow FP (YFP, Acceptor (A)). As an example, the YFP variant 

35 can be made as a fusion protein with Epidermal Growth Factor Receptor, or fragment 
thereof. Vectors for the expression of GFP variants as fusions (Clontech) as well as 
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fluorophore-labeled reagents (Molecular Probes) are known in the art. The addition of a 
candidate modulator to the mixture of fluorescently-labeled polypeptide and YFP- 
Epidermal Growth Factor Receptor will result in an inhibition of energy transfer evidenced 
by, for example, a decrease in YFP fluorescence relative to a sample without the 
5 candidate modulator. In an assay using FRET for the detection of Epidermal Growth 
Factor Receptor: polypeptide interaction, a 10% or greater decrease in the intensity of 
fluorescent emission at the acceptor wavelength in samples containing a candidate 
modulator, relative to samples without the candidate modulator, indicates that the 
candidate modulator inhibits the Epidermal Growth Factor Receptor:polypeptide 
10 interaction. 

A sample as used herein may be any biological sample containing Epidermal Growth 
Factor Receptor such as clinical (e.g. cell fractions, whole blood, plasma, serum, tissue, 
cells, etc.), derived from clinical, agricultural, forensic, research, or other possible 
15 samples. The clinical samples may be from human or animal origin. The sample analyzed 
can be both solid or liquid in nature. It is evident when solid materials are used, these are 
first dissolved in a suitable solution 

A variation on FRET uses fluorescence quenching to monitor molecular interactions. One 
20 molecule in the interacting pair can be labeled with a fluorophore, and the other with a 
molecule that quenches the fluorescence of the fluorophore when brought into close 
apposition with it. A change in fluorescence upon excitation is indicative of a change in the 
association of the molecules tagged with the fluorophore:quencher pair. Generally, an 
increase in fluorescence of the labelled Epidermal Growth Factor Receptor, or fragment 
25 thereof is indicative that anti-Epidermal Growth Factor Receptor polypeptide bearing the 
quencher has been displaced. For quenching assays, a 10% or greater increase in the 
intensity of fluorescent emission in samples containing a candidate modulator, relative to 
samples without the candidate modulator, indicates that the candidate modulator inhibits 
Epidermal Growth Factor Receptonanti-Epidermal Growth Factor Receptor polypeptide 
30 interaction. 

In addition to the surface plasmon resonance and FRET methods, fluorescence 
polarization measurement is useful to quantify binding. The fluorescence polarization 
value for a fluorescently-tagged molecule depends on the rotational correlation time or 
35 tumbling rate. Complexes, such as those formed by Epidermal Growth Factor Receptor, 
or fragment thereof associating with a fluorescently labeled anti-Epidermal Growth Factor 
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Receptor polypeptide, have higher polarization values than uncomplexed, labeled 
polypeptide. The inclusion of a candidate inhibitor of the Epidermal Growth Factor 
Receptor: anti-Epidermal Growth Factor Receptor polypeptide interaction results in a 
decrease in fluorescence polarization, relative to a mixture without the candidate inhibitor, 
5 if the candidate inhibitor disrupts or inhibits the interaction of Epidermal Growth Factor 
Receptor, or fragment thereof with said polypeptide. Fluorescence polarization is well 
suited for the identification of small molecules that disrupt the formation of Epidermal 
Growth Factor Receptor: anti-Epidermal Growth Factor Receptor polypeptide complexes. 
A decrease of 10% or more in fluorescence polarization in samples containing a candidate 
10 modulator, relative to fluorescence polarization in a sample lacking the candidate 
modulator, indicates that the candidate modulator inhibits the Epidermal Growth Factor 
Receptor: anti-Epidermal Growth Factor Receptor polypeptide interaction. 

Another alternative for monitoring Epidermal Growth Factor Receptonanti-Epidermal 

15 Growth Factor Receptor polypeptide interactions uses a biosensor assay. ICS biosensors 
have been described in the art (Australian Membrane Biotechnology Research Institute; 
Cornell B, Braach-Maksvytis V, King L, Osman P, Raguse B, Wieczorek L, and Pace R. 
"A biosensor that uses ion-channel switches" Nature 1997, 387, 580). In this technology, 
the association of Epidermal Growth Factor Receptor , or fragment thereof and an anti- 

20 Epidermal Growth Factor Receptor polypeptide is coupled to the closing of gramacidin- 
facilitated ion channels in suspended membrane bilayers and thus to a measurable 
change in the admittance (similar to impedence) of the biosensor. This approach is linear 
over six orders of magnitude of admittance change and is ideally suited for large scale, 
high throughput screening of small molecule combinatorial libraries. A 10% or greater 

25 change (increase or decrease) in admittance in a sample containing a candidate 
modulator, relative to the admittance of a sample lacking the candidate modulator, 
indicates that the candidate modulator inhibits the interaction of Epidermal Growth Factor 
Receptor, or fragment thereof and said polypeptide. It is important to note that in assays 
testing the interaction of Epidermal Growth Factor Receptor, or fragment thereof with an 

30 anti-Epidermal Growth Factor Receptor polypeptide, it is possible that a modulator of the 
interaction need not necessarily interact directly with the domain(s) of the proteins that 
physically interact with said polypeptide. It is also possible that a modulator will interact at 
a location removed from the site of interaction and cause, for example, a conformational 
change in the Epidermal Growth Factor Receptor. Modulators (inhibitors or agonists) that 

35 act in this manner are nonetheless of interest as agents to modulate the binding of 
Epidermal Growth Factor Receptor to its receptor. 
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Any of the binding assays described can be used to determine the presence of an agent 
in a sample, e.g., a tissue sample, that binds to Epidermal Growth Factor Receptor , or 
fragment thereof, or that affects the binding of, for example, a polypeptide represented by 
SEQ ID NO: 3 to the Epidermal Growth Factor Receptor , or fragment thereof. To do so 

5 an Epidermal Growth Factor Receptor, or fragment thereof is reacted with said 
polypeptide in the presence or absence of the sample, and polypeptide binding is 
measured as appropriate for the binding assay being used. A decrease of 10% or more in 
the binding of said polypeptide indicates that the sample contains an agent that modulates 
the binding of said polypeptide to the Epidermal Growth Factor Receptor , or fragment 

10 thereof. 

Of course, the above-generalized methods might easily be applied to screening for 
candidate modulators which alter the binding between any anti-Epidermal Growth Factor 
Receptor polypeptide of the invention, and Epidermal Growth Factor Receptor or a 
15 fragment thereof. 

One embodiment of the present invention is an unknown agent identified by the method 
disclosed herein. 

20 One embodiment of the present invention is an unknown agent identified by the method 
disclosed herein for use in treating, preventing and/or alleviating the symptoms of 
disorders relating to inflammatory processes.or cancer. 

Another embodiment of the present invention is a use of an unknown agent identified by 
25 the method disclosed herein for use in treating, preventing and/or alleviating the 
symptoms of disorders relating to inflammatory processes or cancer. 

Examples of disorders include cancers of epithelial origin, rheumatoid arthritis and 
psoriasis. 

30 

A cell that is useful according to the invention is preferably selected from the group 
consisting of bacterial cells such as, for example, E. coli, yeast cells such as, for example, 
S. cerevisiae, P. pastoris, insect cells or mammalian cells. 



35 



A cell that is useful according to the invention can be any cell into which a nucleic acid 
sequence encoding a polypeptide comprising an anti-Epidermal Growth Factor Receptor 
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of the invention, an homologous sequence thereof, a functional portion thereof, a 
functional portion of an homologous sequence thereof or a mutant variant thereof 
according to the invention can be introduced such that the polypeptide is expressed at 
natural levels or above natural levels, as defined herein. Preferably a polypeptide of the 
5 invention that is expressed in a cell exhibits normal or near normal pharmacology, as 
defined herein. Most preferably a polypeptide of the invention that is expressed in a cell 
comprises the nucleotide sequence capable of encoding any one of the amino acid 
sequences presented in Table 5 or capable of encoding an amino acid sequence that is at 
least 70% identical to the amino acid sequence presented in Table 5. 

10 

According to a preferred embodiment of the present invention, a cell is selected from the 
group consisting of COS7-cells, a CHO cell, a LM (TK-) cell, a NIH-3T3 cell, HEK-293 cell, 
K-562 cell or a 1321 N1 astrocytoma cell but also other transfectable cell lines. 

15 In general, "therapeutically effective amount", "therapeutically effective dose" and 
"effective amount" means the amount needed to achieve the desired result or results 
(modulating Epidermal Growth Factor Receptor binding; treating or preventing cancer or 
inflammation). One of ordinary skill in the art will recognize that the potency and, 
therefore, an "effective amount" can vary for the various compounds that modulate 

20 Epidermal Growth Factor Receptor binding used in the invention. One skilled in the art 
can readily assess the potency of the compound. 

As used herein, the term "compound" refers to an anti-Epidermal Growth Factor Receptor 
polypeptide of the present invention, or a nucleic acid capable of encoding said 
25 polypeptide or an agent identified according to the screening method described herein or 
said polypeptide comprising one or more derivatized amino acids. 

By "pharmaceutical^ acceptable" is meant a material that is not biologically or otherwise 
undesirable, /.e. f the material may be administered to an individual along with the 
30 compound without causing any undesirable biological effects or interacting in a 
deleterious manner with any of the other components of the pharmaceutical composition 
in which it is contained. 

Polypeptides of a human-like class of VHH's as disclosed herein is useful for treating or 
35 preventing conditions in a subject and comprises administering a pharmaceutically 
effective amount of a compound or composition. 
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Polypeptides of the present invention are useful for treating or preventing conditions 
relating to canecr, rheumatoid arthritis and psoriasis in a subject and comprises 
administering a pharmaceutical^ effective amount of a compound or composition that 
binds Epidermal Growth Factor Receptor. 

5 

The anti-Epidermal Growth Factor Receptor polypeptides as disclosed here in are useful 
for treating or preventing conditions relating to cancer, rheumatoid arthritis and psoriasis 
in a subject and comprises administering a pharmaceutical^ effective amount of a 
compound combination with another, such as, for example, doxorubicin. 

10 

The present invention is not limited to the administration of formulations comprising a 
single compound of the invention. It is within the scope of the invention to provide 
combination treatments wherein a formulation is administered to a patient in need thereof 
that comprises more than one compound of the invention. 

15 

Conditions mediated by Epidermal Growth Factor Receptor include, but are not limited 
cancer, rheumatoid arthritis and psoriasis. 

A compound useful in the present invention can be formulated as pharmaceutical 
20 compositions and administered to a mammalian host, such as a human patient or a 
domestic animal in a variety of forms adapted to the chosen route of administration, /. e., 
orally or parenterally, intranassally by inhalation, intravenous, intramuscular, topical or 
subcutaneous routes. 

25 A compound of the present invention can also be administered using gene therapy 
methods of delivery. See, e.g., U.S. Patent No. 5,399,346, which is incorporated by 
reference in its entirety. Using a gene therapy method of delivery, primary cells 
transfected with the gene for the compound of the present invention can additionally be 
transfected with tissue specific promoters to target specific organs, tissue, grafts, tumors, 

30 or cells and can additionally be transfected with signal and stabilization sequences for 
subcellular^ localized expression. 

Thus, the present compound may be systemically administered, e.g., orally, in 
combination with a pharmaceutical^ acceptable vehicle such as an inert diluent or an 
35 assimilable edible carrier. They may be enclosed in hard or soft shell gelatin capsules, 
may be compressed into tablets, or may be incorporated directly with the food of the 
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patient's diet. For oral therapeutic administration, the active compound may be combined 
with one or more excipients and used in the form of ingestible tablets, buccal tablets, 
troches, capsules, elixirs, suspensions, syrups, wafers, and the like. Such compositions 
and preparations should contain at least 0.1% of active compound. The percentage of the 
5 compositions and preparations may, of course, be varied and may conveniently be 
between about 2 to about 60% of the weight of a given unit dosage form. The amount of 
active compound in such therapeutically useful compositions is such that an effective 
dosage level will be obtained. 

10 The tablets, troches, pills, capsules, and the like may also contain the following: binders 
such as gum tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium 
phosphate; a disintegrating agent such as corn starch, potato starch, alginic acid and the 
like; a lubricant such as magnesium stearate; and a sweetening agent such as sucrose, 
fructose, lactose or aspartame or a flavoring agent such as peppermint, oil of wintergreen, 

15 or cherry flavoring may be added. When the unit dosage form is a capsule, it may contain, 
in addition to materials of the above type, a liquid carrier, such as a vegetable oil or a 
polyethylene glycol. Various other materials may be present as coatings or to otherwise 
modify the physical form of the solid unit dosage form. For instance, tablets, pills, or 
capsules may be coated with gelatin, wax, shellac or sugar and the like. A syrup or elixir 

20 may contain the active compound, sucrose or fructose as a sweetening agent, methyl and 
propylparabens as preservatives, a dye and flavoring such as cherry or orange flavor. Of 
course, any material used in preparing any unit dosage form should be pharmaceutical^ 
acceptable and substantially non-toxic in the amounts employed. In addition, the active 
compound may be incorporated into sustained-release preparations and devices. 

25 

The active compound may also be administered intravenously or intraperitoneally by 
infusion or injection. Solutions of the active compound or its salts can be prepared in 
water, optionally mixed with a nontoxic surfactant. Dispersions can also be prepared in 
glycerol, liquid polyethylene glycols, triacetin, and mixtures thereof and in oils. Under 
30 ordinary conditions of storage and use, these preparations contain a preservative to 
prevent the growth of microorganisms. 

The pharmaceutical dosage forms suitable for injection or infusion can include sterile 
aqueous solutions or dispersions or sterile powders comprising the active ingredient which 
35 are adapted for the extemporaneous preparation of sterile injectable or infusible solutions 
or dispersions, optionally encapsulated in liposomes. In all cases, the ultimate dosage 
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form must be sterile, fluid and stable under the conditions of manufacture and storage. 
The liquid carrier or vehicle can be a solvent or liquid dispersion medium comprising, for 
example, water, ethanol, a polyol (for example, glycerol, propylene glycol, liquid 
polyethylene glycols, and the like), vegetable oils, nontoxic glyceryl esters, and suitable 
5 mixtures thereof. The proper fluidity can be maintained, for example, by the formation of 
liposomes, by the maintenance of the required particle size in the case of dispersions or 
by the use of surfactants. The prevention of the action of microorganisms can be brought 
about by various antibacterial and antifungal agents, for example, parabens, 
chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, it will be 
10 preferable to include isotonic agents, for example, sugars, buffers or sodium chloride. 
Prolonged absorption of the injectable compositions can be brought about by the use in 
the compositions of agents delaying absorption, for example, aluminum monostearate and 
gelatin. 

15 Sterile injectable solutions are prepared by incorporating the active compound in the 
required amount in the appropriate solvent with various of the other ingredients 
enumerated above, as required, followed by filter sterilization. In the case of sterile 
powders for the preparation of sterile injectable solutions, the preferred methods of 
preparation are vacuum drying and the freeze drying techniques, which yield a powder of 

20 the active ingredient plus any additional desired ingredient present in the previously 
sterile-filtered solutions. 

For topical administration, the present compound may be applied in pure form, i.e., when 
they are liquids. However, it will generally be desirable to administer them to the skin as 
25 compositions or formulations, in combination with a dermatologically acceptable carrier, 
which may be a solid or a liquid. 

Useful solid carriers include finely divided solids such as talc, clay, microcrystalline 
cellulose, silica, alumina and the like. Useful liquid carriers include water, hydroxyalkyls or 

30 glycols or water-alcohol/glycol blends, in which the present compound can be dissolved or 
dispersed at effective levels, optionally with the aid of non-toxic surfactants. Adjuvants 
such as fragrances and additional antimicrobial agents can be added to optimize the 
properties for a given use. The resultant liquid compositions can be applied from 
absorbent pads, used to impregnate bandages and other dressings, or sprayed onto the 

35 affected area using pump-type or aerosol sprayers. 
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Thickeners such as synthetic polymers, fatty acids, fatty acid salts and esters, fatty 
alcohols, modified celluloses or modified mineral materials can also be employed with 
liquid carriers to form spreadable pastes, gels, ointments, soaps, and the like, for 
application directly to the skin of the user. 

5 

Examples of useful dermatological compositions which can be used to deliver the 
compound to the skin are known to the art; for example, see Jacquet et al. (U.S. Pat. No. 
4,608,392), Geria (U.S. Pat. No. 4,992,478), Smith et al. (U.S. Pat. No. 4,559,157) and 
Wortzman (U.S. Pat. No. 4,820,508). 

10 

Useful dosages of the compound can be determined by comparing their in vitro activity, 
and in vivo activity in animal models. Methods for the extrapolation of effective dosages in 
mice, and other animals, to humans are known to the art; for example, see U.S. Pat. No. 
4,938,949. 

15 

Generally, the concentration of the compound(s) in a liquid composition, such as a lotion, 
will be from about 0.1-25 wt-%, preferably from about 0.5-10 wt-%. The concentration in a 
semi-solid or solid composition such as a gel or a powder will be about 0.1-5 wt-%, 
preferably about 0.5-2.5 wt-%. 

20 

The amount of the compound, or an active salt or derivative thereof, required for use in 
treatment will vary not only with the particular salt selected but also with the route of 
administration, the nature of the condition being treated and the age and condition of the 
patient and will be ultimately at the discretion of the attendant physician or clinician. Also 
25 the dosage of the compound varies depending on the target cell, tumor, tissue, graft, or 
organ. 

The desired dose may conveniently be presented in a single dose or as divided doses 
administered at appropriate intervals, for example, as two, three, four or more sub-doses 
30 per day. The sub-dose itself may be further divided, e.g., into a number of discrete loosely 
spaced administrations; such as multiple inhalations from an insufflator or by application 
of a plurality of drops into the eye. 

An administration regimen could include long-term, daily treatment. By "long-term" is 
35 meant at least two weeks and preferably, several weeks, months, or years of duration. 
Necessary modifications in this dosage range may be determined by one of ordinary skill 
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in the art using only routine experimentation given the teachings herein. See Remington's 
Pharmaceutical Sciences (Martin, E.W., ed. 4), Mack Publishing Co., Easton, PA. The 
dosage can also be adjusted by the individual physician in the event of any complication. 

5 Candidate modulators 

The invention provides for an agent that is a modulator of interactions between Epidermal 
Growth Factor Receptor and its ligand . 

The candidate agent may be a synthetic agent, or a mixture of agents, or may be a natural 
10 product (e.g. a plant extract or culture supernatant). A candidate agent according to the 
invention includes a small molecule that can be synthesized, a natural extract, peptides, 
proteins, carbohydrates, lipids etc. 

Candidate modulator agents from large libraries of synthetic or natural agents can be 
15 screened. Numerous means are currently used for random and directed synthesis of 
saccharide, peptide, and nucleic acid based agents. Synthetic agent libraries are 
commercially available from a number of companies including Maybridge Chemical Co. 
(Trevillet, Cornwall, UK), Comgenex (Princeton, NJ), Brandon Associates (Merrimack, 
NH), and Microsource (New Milford, CT). A rare chemical library is available from Aldrich 
20 (Milwaukee, Wl). Combinatorial libraries are available and can be prepared. Alternatively, 
libraries of natural agents in the form of bacterial, fungal, plant and animal extracts are 
available from e.g., Pan Laboratories (Bothell, WA) or MycoSearch (NC), or are readily 
producible by methods well known in the art. Additionally, natural and synthetically 
produced libraries and agents are readily modified through conventional chemical, 
25 physical, and biochemical means. 

Useful agents may be found within numerous chemical classes. Useful agents may be 
organic agents, or small organic agents. Small organic agents have a molecular weight of 
more than 50 yet less than about 2,500 daltons, preferably less than about 750, more 

30 preferably less than about 350 daltons. Exemplary classes include heterocycles, peptides, 
saccharides, steroids, and the like. The agents may be modified to enhance efficacy, 
stability, pharmaceutical compatibility, and the like. Structural identification of an agent 
may be used to identify, generate, or screen additional agents. For example, where 
peptide agents are identified, they may be modified in a variety of ways to enhance their 

35 stability, such as using an unnatural amino acid, such as a D-amino acid, particularly D- 
alanine, by functionalizing the amino or carboxylic terminus, e.g. for the amino group, 
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acylation or alkylation, and for the carboxyl group, esterification or amidification, or the 
like. 

For primary screening, a useful concentration of a candidate agent according to the 
5 invention is from about 10 mM to about 100 pM or more (i.e. 1 mM, 10 mM, 100 mM, 1 M 
etc.). The primary screening concentration will be used as an upper limit, along with nine 
additional concentrations, wherein the additional concentrations are determined by 
reducing the primary screening concentration at half-log intervals (e.g. for 9 more 
concentrations) for secondary screens or for generating concentration curves. 

10 

High throughput screening kit 

A high throughput screening kit according to the invention comprises all the necessary 
means and media for performing the detection of an agent that modulates Epidermal 
Growth Factor Receptor /ligand interactions by interacting with Epidermal Growth Factor 
15 Receptor, or fragment thereof in the presence of a polypeptide, preferably at a 
concentration in the range of 1pM to 1 mM. 

The kit comprises the following. Recombinant cells of the invention, comprising and 
expressing the nucleotide sequence encoding Epidermal Growth Factor Receptor , or 

20 fragment thereof, which are grown according to the kit on a solid support, such as a 
microtiter plate, more preferably a 96 well microtiter plate, according to methods well 
known to the person skilled in the art especially as described in WO 00/02045. 
Alternatively Epidermal Growth Factor Receptor, or fragment thereof is supplied in a 
purified form to be immobilized on, for example, a 96 well microtiter plate by the person 

25 skilled in the art. Alternatively Epidermal Growth Factor Receptor , or fragment thereof is 
supplied in the kit pre-immobilized on, for example, a 96 well microtiter plate. The 
Epidermal Growth Factor Receptor may be whole Epidermal Growth Factor Receptor or a 
fragment thereof. 

30 Modulator agents according to the invention, at concentrations from about 1 pM to 1 mM 
or more, are added to defined wells in the presence of an appropriate concentration of 
anti-Epidermal Growth Factor Receptor polypeptide, an homologous sequence thereof, a 
functional portion thereof or a functional portion of an homologous sequence thereof, said 
concentration of said polypeptide preferably in the range of 1 pM to 1 mM. Kits may 

35 contain one or more anti-Epidermal Growth Factor Receptor polypeptide (e.g. one or 
more of a polypeptide represented by any of the SEQ ID NOs: 1 to 15 or other anti- 
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Epidermal Growth Factor Receptor polypeptides, an homologous sequence thereof, a 
functional portion thereof or a functional portion of an homologous sequence thereof). 

Binding assays are performed as according to the methods already disclosed herein and 
5 the results are compared to the baseline level of, for example Epidermal Growth Factor 
Receptor, or fragment thereof binding to an anti-Epidermal Growth Factor Receptor 
polypeptide, an homologous sequence thereof, a functional portion thereof or a functional 
portion of an homologous sequence thereof , but in the absence of added modulator 
agent. Wells showing at least 2 fold, preferably 5 fold, more preferably 10 fold and most 
10 preferably a 100 fold or more increase or decrease in Epidermal Growth Factor Receptor - 
polypeptide binding (for example) as compared to the level of activity in the absence of 
modulator, are selected for further analysis. 

Other Kits Useful According to the Invention 

15 The invention provides for kits useful for screening for modulators of Epidermal Growth 
Factor Receptor /ligand binding, as well as kits useful for diagnosis of disorders 
characterized by dysfunction of Epidermal Growth Factor Receptor signaling. The 
invention also provides for kits useful for screening for modulators of disorders as well as 
kits for their diagnosis, said disorders characterized by one or more process involving 

20 Epidermal Growth Factor Receptor. Kits useful according to the invention can include an 
isolated Epidermal Growth Factor Receptor, or fragment thereof. Alternatively, or in 
addition, a kit can comprise cells transformed to express Epidermal Growth Factor 
Receptor, or fragment thereof. In a further embodiment, a kit according to the invention 
can comprise a polynucleotide encoding Epidermal Growth Factor Receptor, or fragment 

25 thereof. In a still further embodiment, a kit according to the invention may comprise the 
specific primers useful for amplification of Epidermal Growth Factor Receptor, or fragment 
thereof. Kits useful according to the invention can comprise an isolated Epidermal Growth 
Factor Receptor polypeptide, a homologue thereof, or a functional portion thereof. A kit 
according to the invention can comprise cells transformed to express said polypeptide. 

30 Kits may contain more than one polypeptide. In a further embodiment, a kit according to 
the invention can comprise a polynucleotide encoding Epidermal Growth Factor Receptor, 
or fragment thereof. In a still further embodiment, a kit according to the invention may 
comprise the specific primers useful for amplification of a macromolecule such as, for 
example, Epidermal Growth Factor Receptor, or a fragment thereof. All kits according to 

35 the invention will comprise the stated items or combinations of items and packaging 
materials therefore. Kits will also include instructions for use. 
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EXAMPLES 

The invention is illustrated by the following non-limiting example. 

Example 1: Immunization 

5 After approval of the Ethical Committee of the Faculty of Veterinary Medicine (University 
Ghent, Belgium), 4 llamas (024, 025, 026 and 027) were immunized with the tumor 
antigen epidermal growth factor receptor (EGFR) according to all current animal welfare 
regulations. To generate an antibody dependent immune response (table 1), two animals 
were injected with intact human vulvar squamous carcinoma cells (A431, ATCC CRL 

10 1555), expressing EGFR on its cell surface, while A431 derived membrane extracts were 
administered to two other llamas (026 and 027). Each animal received seven doses of 
subcutaneously administered antigens at weekly intervals (table 1). When immunizing 
with intact cells, each dose consisted of 10 8 freshly harvested A431 cells. The dose for 
immunization with membrane extracts consisted of vesicles prepared from 10 8 A431 cells. 

15 Vesicles were prepared according to Cohen and colleagues (Cohen S, Ushiro H, 
Stoscheck C, Chinkers M, 1982. A native 170,000 epidermal growth factor receptor- 
kinase complex from shed plasma membrane vesicles. J. Biol. Chem. 257:1523-31). 
Vesicles were stored at -80°C before administration. Two extra injections of eight 
microgram purified EGFR (Sigma) in an emulsion with the adjuvant Stimune (CEDI 

20 Diagnostics B.V., Lelystad, The Netherlands) were administered intramuscularly to llama 
025 (table 1). 

Example 2: Evaluation of immune response 

At day 0, 28 and 42, 10 ml of (pre-)immune blood was collected and serum was used to 
25 evaluate the induction of the immune responses in the 4 animals. A first ELISA was 
performed to verify whether the animals generated antibodies that recognized A431 
epitopes. After coating a tissue-culture treated 96-well plate with gelatin (0.5% in PBS for 
10 minutes), the excess of gelatin was removed and A431 cells were grown overnight in 
the microwells to confluency. Cells were fixed with 4% paraformaldehyde in PBS for 30 
30 minutes at room temperature. Subsequently, the fixative was blocked with 100mM glycine 
in PBS for 10 minutes, followed by blocking of the wells with a 4% skim milk-PBS solution, 
again for 10 minutes. Serum dilutions of immunized animals were applied and A431 
specific antibodies were detected with a polyclonal anti-llama antiserum developed in 
rabbit, followed by a secondary goat anti-rabbit horse radish peroxidase (HRP) conjugate 
35 (Dako, Denmark). For all four animals, immunization with intact cells or membrane 
vesicles resulted in the induction of a significant A431 -specific antibody titer (figure 1). 
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To verify whether the induced llama antibodies were EGFR specific, antibody titers in 
serum was evaluated on mouse fibroblasts expressing human EGFR (Her-14) and 
compared to the parental mouse fibroblasts cell line NIH3T3 clone 2.2 (3T3), similarly 
performed as described above (figure 2). Again, the serum titer of antibodies binding to 
5 Her-14 was higher compared to the titer for the parental 3T3 cells, indicating that 
circulating serum antibodies were EGFR specific. 

Finally, the serum response in immunized animals was verified on solid-phase coated 
purified EGFR. Purified EGFR (Sigma) and the irrelevant carcino embryonic antigen 
(CEA, Scripps), both at 1 /vg/ml, were immobilized overnight at 4°C in a 96 well Maxisorp 
10 plate (Nunc). Wells were blocked with a casein solution (1% in PBS). After addition of 
serum dilutions, specifically bound immunoglobulins were detected using a rabbit anti- 
llama antiserum followed by a goat anti-rabbit alkaline phosphatase conjugate (Sigma), 
showing that for all animals a significant antibody dependent immune response against 
EGFR was induced (figure 3). 

15 

Example 3: Cloning of the heavy-chain antibody fragment (VHH) repertoire 

Since little is known on the immunoglobulin ontogeny of camelids, B-cell containing 
tissues of distinct origin and of different time points were collected for each animal (table 
1). After tissue collection, total RNA was isolated according to the procedure described by 

20 Chomczynski and Sacchi. (Chomczynski P and Sacchi N. 1987. Single-step method of 
RNA isolation by acid guanidinium thiocyanate-phenol-chloroform extraction. Anal 
Biochem 162:156-159). The procedure to clone the VHH repertoire is based on a method 
described in patent application WO 03/054016. cDNA was prepared on total RNA with 
MMLV Reverse Transcriptase (Invitrogen) using oligo d(T) oligonucleotides (de Haard HJ, 

25 van Neer N, Reurs A, Hufton SE, Roovers RC, Henderikx P, de Bruine AP, Arends JW, 
Hoogenboom HR. 1999. A large non-immunized human Fab fragment phage library that 
permits rapid isolation and kinetic analysis of high affinity antibodies. J. Biol. Chem. 
274:18218-30). The amounts of RNA of the distinct tissues used for cDNA synthesis is 
listed in table 2. The cDNA was purified with a phenol/chloroform extraction, followed by 

30 an ethanol precipitation and subsequently used as template to amplify the VHH repertoire. 
In a first PCR, the repertoire of both conventional (16 kb) and heavy chain (1.3 kb) 
antibody gene segments were amplified using a leader specific primer (ABL002) and 
ABL010, an oligo d(T) primer (for a list of primers see table 6). The resulting DNA 
fragments were separated by agarose gel electrophoresis. The amplified 1.3 kb fragment, 

35 encoding heavy-chain antibody segments was purified from the agarose gel and used as 
template in a nested PCR using a mixture of FR1 primers (ABL037-ABL043) and ABL010. 
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The PCR products were digested with Sffl (introduced in the FR1 primer) and BstEU 
(naturally occurring in FR4). Following gel electrophoresis, the DNA fragment of 
approximately 400 basepairs was purified from gel and 330 ng of amplified VHH repertoire 
was ligated into the corresponding restriction sites of one microgram of phagemid pAX004 

5 to obtain a library after electroporation of Escherichia coli TG1. pAX004 allows the 
production of phage particles, expressing the individual VHHs as a fusion protein with the 
gene I II product. The size of the libraries obtained from the distinct tissues collected from 
the immunized llamas is described in table 2. As a quality control, a colony PCR using the 
M13 reverse and a genelll primer was performed on 24 randomly picked colonies of each 

10 library and the percentage of clones containing an insert of the correct size was calculated 
(table 2). 

Example 4: evaluation of the cloned repertoire 

In a polyclonal phage ELISA, the specificity of the cloned phage repertoire was evaluated 

15 on EGFR and on an irrelevant antigen (TNFa). To generate recombinant virions 

expressing the VHH repertoire as fusion proteins with the genelll product, the library was 
grown at 37°C in 10 ml 2xTY medium containing 2% glucose, and 100 pg/ml ampicillin, 
until the OD 600 nm reached 0.5. M13K07 phages (10 12 ) were added and the mixture was 
incubated at 37°C for 2 x 30 minutes, first without shaking, then with shaking at 100 rpm. 

20 Cells were centrifuged for 5 minutes at 4,500 rpm at room temperature. The bacterial 
pellet was resuspended in 50 ml of 2xTY medium containing 100 pg/ml ampicillin and 25 
[jg/ml kanamycin, and incubated overnight at 37°C with vigorously shaking at 250 rpm. 
The overnight cultures were centrifuged for 15 minutes at 4,500 rpm at 4°C and 
supernatant was used to concentrate the phages. Phages were PEG precipitated (20% 

25 poly-ethylene-glycol and 1 .5 M NaCI) for 30 minutes on ice and centrifuged for 20 minutes 
at 4,500 rpm. The pellet was resuspended in 1 ml PBS. Phages were again PEG 
precipitated for 10 minutes on ice and centrifuged for 10 minutes at 14,000 rpm and 4°C. 
The pellet was dissolved in 1 ml PBS. One/yg/ml of EGFR or TNFa was immobilized in a 
96 well Maxisorp plate (Nunc) and incubated overnight at 4°C. Plates were washed 5 

30 times with PBS/0.05%Tween-20 and wells were blocked with a casein solution (1% in 

PBS) and phage dilutions were added for 2 hrs at room temperature. Bound phages were 
detected using the anti-M13 gpVIII-HRP conjugated monoclonal antibody (Amersham 
Biosciences) and ABTS/H202 as substrate. Plates were read at 405nm after 15 minutes 
incubation at room temperature. An example of a phage response from a pool of phages 

35 rescued from PBL1 libraries of animals 024 and 025 is depicted in figure 4. 
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Example 5: Multiple selection strategies to identify EGFR specific nanobodies 

Libraries were rescued by growing the bacteria to logarithmic phase (OD 6 oo= 0.5), followed 
by infection with helper phage to obtain recombinant phages expressing the repertoire of 
cloned VHHs on tip of the phage as gplll fusion protein (as described in example 4). 
5 When selecting for EGFR specific antibodies, two distinct selection strategies have been 
followed. 

Selection by epitope specific elution 

A first selection strategy was based on the fact that EGFR can be purified by affinity 

10 chromatography through ligand elution. Four different elution conditions, applying an 
excess of molecules that compete for the ligand binding site or overlapping epitope(s) 
were carried out (table 3). When selection was performed on A431 or Her-14 cells, 
unselected recombinant phages were mixed for 20 minutes at 4°C with 6 x 10 6 blood cells 
(mainly monocytes, T- and B-cells) or 2 x 10 7 3T3s, respectively, to deplete for 

15 recombinant phages that recognize common, non EGFR-specific epitopes. Unbound 
phages were then incubated with EGFR + selection cells for 2 hours followed by 6 washes 
with ice-cold PBS. Phages were subsequently eluted with an excess of EGF ligand, 
mouse monoclonal 2e9 (Defize LH, Moolenaar WH, van der Saag PT, de Laat SW 1986. 
Dissociation of cellular responses to epidermal growth factor using anti-receptor 

20 monoclonal antibodies. EMBO J. 5:1187-92) or EGFR antagonistic antibodies 225 and 
528 (Sato JD, Kawamoto T, Le AD, Mendelsohn J, Polikoff J, Sato GH 1983. Biological 
effects in vitro of monoclonal antibodies to human epidermal growth factor receptors. Mol. 
Biol. Med. 1:511-529). All selection steps were performed at 4°C to avoid receptor 
mediated phage internalization. Logarithmically grown E. coli TG1 was infected with the 

25 eluted phages and grown overnight at 37°C on selective medium 2xTY Ap100 and 2% 
glucose. Cells were scraped and used in a next round of panning whenever required. Two 
or three rounds of panning were performed to enrich for EGFR specific recombinant 
phages (table 3). Whenever purified antigen was used for selection (table 3), EGFR was 
immobilized at 1 //g/ml on Maxisorp microtiter plates. 

30 

Selection for internalizing VHH fragments 

A second selection strategy was based on the observation that after binding of the ligand 
to the receptor, EGFR mediated cell signaling can be downregulated by the mechanism of 
receptor internalization. To identify recombinant phages that are able to internalize 
35 through cell surface molecules, the protocol described by Poul and colleagues (Poul MA, 
Becerril B, Nielsen UB, Morisson P, Marks JD. 2000. Selection of tumor-specific 
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internalizing human antibodies from phage libraries. J. Mol. Biol. 301:1149-61.) was 
followed. Unselected recombinant phages were added to approximately 2 x 10 7 mouse 
fibroblast 3T3s for 30 minutes at 4°C in ice cold binding medium (bicarbonate buffered 
DMEM; 10% Foetal Calf Serum; 25mM Hepes), supplemented with 2% skim milk to 
5 deplete for non-specific VHHs. Unbound phages were subsequently incubated with pre- 
cooled EGFR + selection cells (Her-14 or A431) in binding medium for 1.5 hours at 4 P C, 
followed by six washes with ice-cold PBS to remove non-bound phages. Cells were 
covered with pre-warmed binding medium and immediately transferred to 37°C for 20 
minutes, to allow internalization. Subsequently, cells were cooled down to 4°C and were 

10 stripped with mild acid (500mM Nad; 100mM glycine pH2.5) incubations during 10 
minutes to remove surface bound recombinant phages. Cells were released from 
extracellular matrix by trypsinization. Resuspended cells were then lyzed during 4 minutes 
with 100mM TEA at 4°C to release internalized phages. Logarithmically grown £ coli TG1 
was infected with the eluted phages and grown overnight at 37°C on selective medium 

15 (2xTY Ap100 with 2% glucose). The libraries used for a single round of selection on A431 
and in parallel on Her-14 are summarized in table 4. 

Example 6: characterization of EGFR specific nanobodies 

To verify EGFR specificity of individual clones after the epitope specific elution procedure 

20 of panning, a phage ELISA was performed on individual clones. 47 randomly picked 
clones for each selection procedure (1, 2, 3 t 4, la and Ilia; table 3) were grown to 
logarithmic phase (OD 600 = 0.5), followed by infection with helper phage to obtain 
recombinant phages as described in example 4. A phage ELISA was performed both on 
solid-phase coated EGFR (comparing to non-coated well) as on gelatin coated Her-14 

25 cells (comparing to 3T3). The presence of EGFR specific VHH was verified by using 
approximately 10 9 recombinant phage particles of each clone before detection with an 
anti-M13 gpVIII-HRP conjugated monoclonal antibody. With clones that scored positive in 
phage ELISA on cells and/or on solid-phase immobilized EGFR (table 3), a Hini\ 
fingerprint analysis was performed (data not shown). The nucleotide sequence was 

30 determined for a representative clone of each distinct fingerprint, resulting in 5, 8, 3, 4, 7, 
and 4 different sequences for conditions, 1, la, 2, Ilia, 3 and 4, respectively. Amino acid 
sequence alignment of these 31 binders (figure 5) indicated that 20 of them were unique 
(listed in table 5). The EGFR specificity of the 20 unique clones in phage ELISA (both on 
cells and on solid-phase coated EGFR) is shown in figure 6. 

35 For the selection according to the internalization protocol, a phage ELISA on cells with a 
total of 84 individual clones was performed, similarly as for the clones identified by the 
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epitope specific elution selection procedure. After Hinfl fingerprint analysis, nucleotide 
sequence determination and amino acid sequence alignment to the above described 
panel of 20 unique binders (data not shown), 2 new anti-EGFR clones, EGFR-B11 and 
clone EGFR-F11, were identified (table 5). The EGFR specificity of both clones in phage 
5 ELISA on cells is shown in figure 6, panel A. 

Example 7: EGF receptor mediated internalization of nanobodies 

Her-14 and 3T3 cells were grown overnight on glass cover slips, washed with binding 
medium (see example 5) and cooled down to 4 °C for 20 minutes. Phages were prepared 

10 of nanobody EGFRIIIa42 as described in example 4 and approximately 10 12 recombinant 
virions, diluted in binding medium supplemented with 2% skim milk, were added to the ice 
cold cells for 1 hour at 4 °C. Cells were washed once with ice cold PBS to remove non 
bound phages. Subsequently, the cells were shifted to 37°C for 20 minutes to allow phage 
internalization and again cooled down to 4°C. Cells were washed twice with PBS. 

15 Following, cell surface bound phages were removed by two acid washes with stripping 
buffer (150 mM NaCI, 125 mM HAc) for seven minutes at room temperature. After two 
washes with PBS, cells were fixed with 4% paraformaldehyde in PBS for 30 minutes at 
room temperature, and again washed twice with PBS. Fixed cells were then 
permeabilized in 0.2% Triton X-100 in PBS for 5 minutes at room temperature, followed by 

20 two washes with PBS and remaining fixative was blocked with 100mM glycin in PBS for 
1 0 minutes at room temperature. Cells were washed with PBS-0.5% (w/v) gelatin and 
internalized phage was visualized by staining with anti-M13 gpVIII-FITC (Amersham 
Biosciences) followed by an anti-mouse FITC labeled monoclonal antibody and 
subsequent visualization by fluorescence microscopy. Figure 7 shows that EGFRIIIa42 is 

25 able to internalize Her-14 (panel A) but not 3T3 cells (panel B). 
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GIGRSGGDNx x lADoVKuKf 1 loWL*iNi\ivlN xl v lx Jj^l v ll\oiJi\.irCjU J.i-vv x x 
ASTYSRDTI FTKWANYNYWGQGTQVTVS S 


2 


EGFR- 
1 . 9 


QVQLQESGGGLVKAGGSLRLSCAASGRTFSSYVMGWFRQAPGKEREFVG 
AIHWSGGRTx xAJJb VJvoKr x J.ooIJNAl\i\! iijXijWi v iiNoijrv.r'njjj±AV x iL/ift 
SRIIYSYVNYWPGExT)YWGQGTQVTVSS 


3 


EGFR- 
1 .33 


EVQLVESGGGLVQPGGSLRLSCAASGFTFSSHYMSWFRQAPGKEREFVA 

■n TrnrirnriT wt» t-i otzi/VD TPT 1 T CDTTNTA IT7vT r P\7VT .OMTJQT.WQ'F'nT AV"V"VP A AT) 

AITSSSRTYYTJibVK(jK.r 1 ±oK!JI\li\J\I\ll V xljyi v iiNoijrs.oxi*iJ±AV x luwiu 
RTFYGSTWSKYDYRGQGTQVTVS S 


4 


EGFR- 
1 . 34 


QVQLQE S GGGLVQAGGS LRL S CAAS GRT F S KYAMGWFRQAPGKERE FVS 
AISWSDGSTYYADbvKvjKr i J.oKDlsJAJ\INI 1 V xJ-iy VlNoijJN.xrCjJJX>vv x iv-rtA 
TYLVDVWAVHVPI RPYE YDYWGQGTQVTVSS 


5 


EGFR- 
1 .38 


QVQLQDSGGGLVQAGDSLRLSCAAS GRS FGGYAMGWFRQAPGKERE FVA 

t\ TPTiTPPPCTWAncT "CP T CT3T1M2\ VTvTTTTVT .HMMQ T .Tf PT7"RT A TiYYP A A 
AISWSGoo I x xAJJoiji\.vjKr 1 xoKlJiNIAlUNI 1 V xljyi v ii\iaiJJViriLJJx/vux Xv,rtft 

GLRPS PNYNHERS YDYWGOGTOVTVS S 


6 


EGFR- 
Ial 


QVQLQE S GGGLVQAGGS LLL S CAAS GRT FS S YAMGWFRQAPGKERE FVA 
AI NWS GGST S YAD S VKGRFT I S RDNTKNTVYLQMNS LKPE DTAAFYCAA 
TYNPYSRDHYFPRMTTE YDYWGQGTQVTVSS 


7 


EGFR- 
Ia7 


QVQLQE SGGRLVQTGGS LRLS CAAS GGTFGTYALGWFRQAPGKERE FVA 
AI SRFGSTYYADSVKGRFTI SRDNANNTVYLEMNSLKPEDTAVYYCAAR 
EGVALGLRNDANYWGQGTQVTVSS 


8 


EGFR- 
Ial5 


QVQLQDS GGGLVQAGGS LRL SCAASGGTF S S YAMGWFRQAPGKERE FVA 
AIGX^TxHl'ADSVKGRFTISRDNAKNTVYLQMNSLKPEDTAVxTC^RTS 
GWGGTPKRYD YWGQGTQVTVS S 


9 


EGFR- 
Ia26 


QVQLQESGGGSVQAGGSLKLSCAASGRGFSRYAMGWFRQAPGQDREFVA 
TISWTNSTDYADSVKGRFAISRDNAKNTAYLQMNSLKPEDTAVYYCAAD 
KWAS STRS I DYDYWGQG I QVTVS S 


10 


EGFR- 
2.6 


QVQLQESGGGLVQAGGS LRLSCAASGRTFSNYAMGWFRQAPGKERE FVA 
AINWGGGNTTCADSVKGRFTISRDNAKNTVYLQMNSLKPEDTAVYYCAA 
SEWGGSDYDHD YDYWGQGTQVTVSS 


11 


EGFR- 
2.20 


EVQLVESGGGLVQAGGSLRLSCAASGRSFSSYAMAWFRQAPGKEREFVA 
AISWGGGSTYYAVSVKGRFTISRDNAKNTVYLQMNSLKPEDTARYYCAA 
DETFHS SAYGE YE YWGQGTQVTVS S 


12 


EGFR- 
IIIa5 


E VQLVE S GGGLVQAGGS LRLS CTAS GRTF S SYAMGWFRQT PGKERE FVA 
AITSSGGSTYYADSWGRFTISRDNAKSTMYLQI^SLMLDDTSVYYCAA 
DSSRPQYSDSALRRILSLSNSYPYWGQGTQVTVSS 


13 


EGFR- 


EVQLVESGGGLVQ PGGS LRLS CVAS GFTFAD YAMSWVRQAPGKGLQWVS 
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3 .18 


S I S YNGDTT YYAESMKDRFTI SRDNAKNTLYLQMNSLKSEDTAVYYCAS 
SGSYYPGHFESWGQGTQVTVSS 


14 


EGFR- 
3 .32 


QVQLQE S GGGLVQAGGS LRL SCAAS GRT F S GYAMGW FRQAPGE ERE FVA 
AISWRGTSTYYGDSAKGRFTISRDNAKNTVYLQMNSLKPEDTAVYYCAA 
GSHSDYAPDYD YWGQGTQVTVSS 


15 


EGFR- 
3.34 


QVQLQE SGGGLVQAGGSLRLSCAAS GRT FSSYA I GWFRQAPGKERE FVA 
AISWGGSNTYYADSVKGRFTISRDNAKNTVYLQMNSLKPEDTAVYYCAA 
GEVSNSDYAYEYDYWGQGTQVTVSS 


16 


EGFR- 
3.39 


QVQLQE S GGGLVQTGGS LRL S CAASGRY I MGW FRQAPGKERE FVAG I S R 
SGASTAYADSVKDRFTISRDSALNTVYLQMNSLKAEDTAVYFCAAALAI 
RLGI PRGETEYE YWGQGTQVTVSS 


17 


EGFR- 
3 .40 


QVKLEESGGGLVQAGGSLRLSCSASGLTFSNYAMAWFRQAPGKEREFVA 
TISQRGGMRHYLDSVKDRFTISRDNAKNTVYLQMNSLKPDDTAVYYCAA 
DLM YGVDRRYDYWGRGTQVTVS S 


18 


EGFR- 
4.11 


QVKLEESGGGLVQAGDSLRLSCAASGRSFSSITMGWFRQAPGKERQFVS 
AINSNGNRYYADSVKGRFTISRDNAKNTVYLQMNSLKPEDTAVYYCAAV 
QAYS S S S D YYS QEGAYDYWGQGTQVTVS S 


19 


EGFR- 
4.21 


EVQLVESGGGLVQAGGSLRLSCAVSGRTFSSMGWFRQAPGKEREFVATI 
NLSGDRTDYADSVKGRFTISRDNPKNTVYLQMDSLEPEDSAVYYCAGTS 
LYPSNLRYYTLPGTYADWGQGTQVTVS S 


20 


EGFR- 
4.22 


QVKLEESGGGLVQAGGSLRLSCAASGS I FS INAMGWYRQAPGKQRELVA 
RITGTGTGITGAVSTNYADSVKGRFTISRDNARNTVYLQMNSLKPEDTA 
VYYCAADRSRT I WPD YWGQGTQVTVSS 


21 


EGFR- 
Bll 


QVQLQDS GGGLVQAGGS LRL SCAASRFSSAQYA I GWFRQAPGKEREGVS 
YITFSGGPTGYADSVKGRFTVSRDNAKNTVYLQMNSLKPEDTAVYYCAA 
RPYTRPGSMWVSSLYDNWGQGTQVTVSS 


22 


EGFR- 
Fll 


QVQLQE SGGRLVQAGGS LRL SCAASEHTFRGYAI GWFRQAPGKERE FVS 
S ITYDGTLTNYADSVTGRFTI SRDNAKNTVYLQMNSLKPEDTAVYVCAA 
GYS YRYTTLNQYDSWGQGTQVTVS S 






Ant i -mouse serum albumin 


23 


MSA21 


QVQLQESGGGLVQPGGSLRLSCEASGFTFSRFGMTWVRQAPGKGVEWVS 
GI S SLGDSTLYADSVKGRFTI SRDNAKNTLYLQMNSLKPEDTAVYYCTI 
GGS LNPGGQGTQVTVS S 


24 


MSA24 


QVQLQE SGGGLVQPGNSLRLSCAASGFTFRNFGMSWVRQAPGKEPEWVS 
SISGSGSNTIYADSVKDRFTISRDNAKSTLYLQMNSLKPEDTAVYYCTI 
GGSLSRSSQGTQVTVSS 


25 


MSA210 


QVQLQE SGGGLVQPGGS LRLTCTASGFTF S S FGMS WVRQAPGKGLE WVS 
AISSDSGTKNYADSVKGRFTISRDNAKKMLFLQMNSLRPEDTAVYYCVI 
GRGSPSSQGTQVTVSS 


26 


MSA212 


QVQLQE SGGGLVQPGGSLRLTCTASGFTFRS FGMS WVRQAPGKGLEWVS 
AISADGSDKRYADSVKGRFTISRDNGKKMLTLDMNSLKPEDTAVYYCVI 
GRGS PASQGTQVTVS S 


41 


MSAcl6 


AVQLVESGGGLVQAGDSLRLSCWSGTTFSSAAMGWFRQAPGKEREFVG 
AIKWSGTSTYY 

TDSVKGRFTISRDNVKNTVYLQMNNLKPEDTGVYTCAADRDRYRDRMGP 

MTTTDFRFWGQ 

GTQVTVSS 


42 


MS Ac 11 
2 


QVKLEESGGGLVQTGGSLRLSCAASGRTFSSFAMGWFRQAPGREREFVA 
SIGSSGITTNY 

ADSVKGRFTISRDNAKNTVYLQMNSLKPEDTGLCYCAVNRYGIPYRSGT 

QYQNWGQGTQV 

TVSS 


43 


MS Ac 11 
0 


E VQLE E S GGGLVQPGGS LRL S CAA SGLT FND YAMGW YRQAPGKE RDMVA 
TISIGGRTYYA 
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DSVKGRFTISRDNAKNTVYLQMNSLKPEDTAIYYCVAHRQTVVRGPYLL 
WGQGTQVTVSS 


44 


MSAcll 
4 


QVQLVESGGKLVQAGGSLRLSCAASGRTFSNYAMGWFRQAPGKEREFVA 
GSGRSNSYNYY 

SD S VKGRFT I S RDNAKNTVYLQMNS LKPE DT AVY YCAAS TNLW PRDRNL 

YAYWGQGTQVT 

VSS 


45 


MSAcll 
6 


E VQLVE SGGGLVQAGD S LRLS CAASGRSLG I YRMGWFRQVPGKE RE FVA 
AISWSGGTTRY 

LD SVKGRFT I SRDSTKNAVYLQMNSLKPEDTAVYYCAVDSSGRLYWTLS 

TSYDYWGQGTQ 

VTVSS 


46 


MSAcll 
9 


QVQLVE FGGGLVQAGD S LRL S CAASGRSLG I YKMAWFRQVPGKE RE FVA 
AISWSGGTTRY 

I DS VKGRFT L S RDNT KNMVYLQMNS L KPDDTAVYYCAVDS S GRL YWTL S 

TSYDYWGQGTQ 

VTVSS 


47 


MSAC15 


E VQLVE SGGGLVQAGGSLSLSCAASGRTFSPYTMGWFRQAPGKERE FLA 
GVTWSGSSTFY 

GDSVKGRFTASRDSAKNTVTLEMNSLNPEDTAVYYCAAAYGGGLYRDPR 

SYDYWGRGTQV 

TVSS 


48 


MSclll 


AVQLVE SGGGLVQAGGS LRLSCAASGFTLDAWP I AWFRQAPGKEREGV S 
C I RDGTTYYAD 

SVKGRFT I S SDNANNTVYLQTNSLKPEDTAVY YCAAPSGPATGS SHTFG 

I YWNLRDDYDN 

WGQGTQVTVSS 


49 


MSAcll 
5 


EVQLVE SGGGLVQAGGS LRLS CAASGFTFDH YT IGWFRQVPGKEREGVS 
CISSSDGSTYY 

AD SVKGRFT I S SDNAKNTVYLQMNTLEPDDTAVYYCAAGGLLLRVEELQ 

ASDYDYWGQGI 

QVTVSS 


50 


MSAC18 


AVQLVD S GGGLVQPGGS LRLS CTAS GFTLD Y YAI GWFRQAPGKEREGVA 
CISNSDGSTYY 

GD SVKGRFT I SRDNAKTTVYLQMNSLKPEDTAVYYCATADRHYSASHHP 

FADFAFNSWGQ 

GTQVTVSS 


51 


MSAcl7 


EVQLVE S GGGLVQ AGGS LRL S CAAYGLT FWRAAMAWFRRAPGKE REL W 
ARNWGDGSTRY 

ADSVKGRFT I S RDNAKNTVYLQMNS LKPEDTAVYYCAAVRTYGS AT YD I 
WGQGTQVTVSS 


52 


MSAC12 
0 


EVQLVE SGGGLVQDGGS LRLS C I FSGRTFANYAMGWFRQAPGKERE FVA 
AINRNGGTTNY 

ADALKGRFTISRDNTKNTAFLQMNSLKPDDTAVYYCAAREWPFSTIPSG 

WRYWGQGTQVT 

VSS 


53 


MSAcl4 


D VQLVE S GGGWVQ PGGS LRL S CAAS GPTAS SHAI GWFRQAPGKEREFW 
G I NRGGVTRD Y 

ADSVKGRFAVSRDNVKNTVYLQMNRLKPEDSAI YI CAARPEYS FTAMS K 

GDMDYWGKGTL 

VTVSS 


















Ant i -mouse serum albumin/anti EGFR j 
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27 


MSA21/ 

EGFR- 

1.4 


QVQLQESGGGLVQPGGSLRLSCEASGFTFSRFGMTWVRQAPGKGVEWVS 
GISSLGDSTLYADSVKGRFTISRDNAKNTLYLQMNSLKPEDTAVYYCTI 
GGSLNPGGQGTQVTVSSEPKTPKPQPAAAEVQLVESGGGLVQAGGSLRL 
SCAASGRTFSNYVMGWFRQAPGKERDFWGIGRSGGDNTYYADSVKGRF 
TISWDNAKNTMYLQ^4NSLKPEDTAVYYCAASTYSRDTIFTKWANYNY 1 WG 
QGTQVTVSS 


28 


MSA24/ 

EGFR- 

1.9 


QVQLQESGGGLVQPGNSLRLSCAASGFTFRNFGMSWVRQAPGKEPEWVS 
SISGSGSNTIYADSVKDRFTISRDNAKSTLYLQMNSLKPEDTAVYYCTI 
GGSLSRSSQGTQVTVSSEPKTPKPQPAAAQVQLQESGGGLVKAGGSLRL 
SCAASGRTFSSYVMGWFRQAPGKEREFVGAIHWSGGRTYYADSVKGRFT 
I SSDNAKNTLYLQMNSLKPEDTAVYYCAASRI I YSYVNYVNPGEYDYWG 
QGTQVTVSS 


29 


MSA21/ 

EGFR- 

1.33 


QVQLQESGGGLVQPGGSLRLSCEASGFTFSRFGMTWVRQAPGKGVEWVS 
GI S S LGD STL YAD S VKGRFT I S RDNAKNTL YLQMNS L KPEDT AV Y YCT I 
GGS LN PGGQGTQVTVS S E PKTPKPQ PAAAEVQLVE S GGGLVQPGGS LRL 
SCAASGFTFSSHYMSWFRQAPGKEREFVAAITSSSRTYYTESVKGRFTI 
SRDNAKNTVYLQMNSLKSEDTAVYYCAADRTFYGSTWSKYDYRGQGTQV 
TVSS 


30 


MSA24/ 

EGFR- 

1.33 


QVQLQESGGGLVQPGNSLRLSCAASGFTFRNFGMSWVRQAPGKEPEWVS 
SISGSGSNTIYADSVKDRFTISRDNAKSTLYLQMNSLKPEDTAVYYCTI 
GGS L S RS SQGTQVTVSSE PKTPKPQ PAAAEVQLVE S GGGLVQPGGS LRL 
SCAASGFTFSSHYMSWFRQAPGKEREFVAAITSSSRTYYTESVKGRFTI 
SRDNAKNTVYLQMNSLKSEDTAVYYCAADRTFYGSTWSKYDYRGQGTQV 
TVSS 


31 


MSA210 
/EGFR- 
1.33 


QVQLQESGGGLVQPGGSLRLTCTASGFTFSSFGMSWVRQAPGKGLEWVS 
AISSDSGTKNYADSVKGRFTISRDNAKKMLFLQMNSLRPEDTAVYYCVI 
GRGS P S SQGTQVTVS S E PKTPKPQPAAAEVQLVE SGGGLVQPGGSLRLS 
CAASGFTFSSHYMSWFRQAPGKEREFVAAITSSSRTYYTES VKGRFT IS 
RDNAKNTVYLQMNSLKSEDTAVYYCAADRTFYGSTWSKYDYRGQGTQVT 
VSS 


32 


MSA212 
/EGFR- 
1.33 


QVQLQESGGGLVQPGGSLRLTCTASGFTFRSFGMSVTVRQAPGKGLEWVS 
AI SADGSDKRYADSVKGRFTI SRDNGKKMLTLDMNSLKPEDTAVYYCVI 
GRGS PASQGTQVTVSS E PKTPKPQPAAAEVQLVE SGGGLVQPGGS LRLS 
CAASGFTFSSHYMSWFRQAPGKEREFVAAITSSSRTYYTESVKGRFTIS 
RDNAKNTVYLQMNSLKSEDTAVYYCAADRTFYGSTWSKYDYRGQGTQVT 
VSS 


33 


MSA21/ 

EGFR- 

Ial 


QVQLQE SGGGLVQPGGS LRLS CEASGFTFSRFGMTWVRQAPGKGVEWVS 
GISSLGDSTLYADSVKGRFTISRDNAKNTLYLQMNSLKPEDTAVYYCTI 
GGSLNPGGQGTQVTVSSEPKTPKPQPAAAQVQLQESGGGLVQAGGSLLL 
SCAASGRTFSSYAMGWFRQAPGKEREFVAAINWSGGSTSYADSVKGRFT 
ISRDNTKNTVYLQMNSLKPEDTAAFYCAATYNPYSRDHYFPRMTTEYDY 
WGQGTQVTVSS 


34 


MSA21/ 

EGFR- 

Ia7 


QVQLQESGGGLVQPGGSLRLSCEASGFTFSRFGMTWVRQAPGKGVEWVS 
GI S SLGDSTLYADS VKGRFT I S RDNAKNTL YLQMNSLKPEDTAVY YCT I 
GGSLNPGGQGTQVTVSSEPKTPKPQPAAAQVQLQESGGRLVQTGGSLRL 
SCAASGGTFGTYALGWFRQAPGKEREFVAAISRFGSTYYADSVKGRFTI 
SRDNANNTVYLEMNSLKPEDTAVYYCAAREGVALGLRNDANYWGQGTQV 
TVSS 


35 


MSA21/ 

EGFR- 

Ial5 


QVQLQE SGGGLVQPGGS LRLSCEASGFTFSRFGMTWVRQAPGKGVEWVS 
GISSLGDSTLYADSVKGRFT IS RDNAKNTL YLQMNSLKPEDTAVYYCT I 
GGSLNPGGQGTQVTVSSEPKTPKPQPAAAQVQLQDSGGGLVQAGGSLRL 
S CAASGGTFSSYAMGWFRQAPGKEREFVAAIGLNTYYADS VKGRFT I SR 
DNAKNTVYLQMNSLKPEDTAVYYCAARTSGWGGTPKRYDYWGQGTQVT 
VSS 



WO 2005/044858 



PCT/BE2003/000189 



57 



36 


MSA21/ 

EGFR- 

Ia26 


QVQLQESGGGLVQPGGSLRLSCEASGFTFSRFGMTWVRQAPGKGVEWVS 
GI S SLGDSTLYADSVKGRFTI SRDNAKNTLYLQMNSLKPEDTAVYYCTI 
GGSLNPGGQGTQVTVS SEP KT PKPQPAAAQVQLQE S GGGS VQAGGS LKL 
SCAAS GRGF S RYAMGW FRQAPGQDRE FVAT I S WTNS TD YAD S VKGRFAI 
SRDNAKNTAYLQMNSLKPEDTAVYYCAADKWASSTRSIDYDYWGQGIQV 

TVSS 




37 


MSA21/ 

EGFR- 

2.6 


QVQLQESGGGLVQPGGSLRLSCEASGFTFSRFGMTWVRQAPGKGVEWVS 
GI S SLGDSTLYADSVKGRFTI SRDNAKNTLYLQMNSLKPEDTAVYYCTI 
GGSLNPGGQGTQVTVSSEPKTPKPQPAAAQVQLQESGGGLVQAGGSLRL 
SCAASGRTFSNYAMGWFRQAPGKEREFVAAINWGGGNTYYADSVKGRFT 
ISRDNAKKTVYLQMNSLKPEDTAVYYC7VASEWGGSDYDHDYDYWGQGTQ 
VTVSS 


38 


MSA21/ 

EGFR- 

4.22 


QVQLQE SGGGL VQ PGGS LRLS C E AS GFT F S RFGMTWVRQAPGKGVEWVS 
G I S S LGD S TL YAD S VKGRFT I S RDNAKNTL YLQMN S L KPEDTAVYYCT I 
GGSLNPGGQGTQVTVSSEPKTPKPQPAAAQVKLEESGGGLVQAGGSLRL 
SCAASGS I FS INAMGWYRQAPGKQRELVARITGTGTGITGAVSTNYADS 
VKGRFTISRDNARNTVYLQMNSLKPEDTAVYYCAADRSRTIWPDYWGQ 

GTQVTVSS 


39 


MSA21/ 

EGFR- 

Bll 


QVQLQE SGGGLVQ PGGS LRL S CEASGFT F SRFGMTWVRQAPGKGVEWVS 
GI S S LGD S TLYAD SVKGRFT I S RDNAKNTL YLQMNS LKP EDTAVYYCT I 
GGS LNPGGQGTQVTVS S E PKT PKPQ PAAAQVQLQDS GGGLVQAGGS LRL 
SCAAS RFS S AQYAI GWFRQAPGKEREGVS YI TFSGGPTGYADSVKGRFT 
VSRDNAKNTVYLQMNSLKPEDTAVYYCAARPYTRPGSMWVSSLYDNWGQ 
GTQVTVSS 


40 


MSA21/ 

EGFR- 

Fll 


QVQLQESGGGLVQPGGSLRLSCEASGFTFSRFGMTWVRQAPGKGVEWVS 
GIS SLGDSTLYADSVKGRFTI SRDNAKNTLYLQMNSLKPEDTAVYYCTI 
GGSLNPGGQGTQVTVSSEPKTPKPQPAAAQVQLQESGGRLVQAGGSLRL 
SCAASEHTFRGYAIGWFRQAPGKEREFVS S ITYDGTLTNYADSVTGRFT 
ISRDNAKNTVYLQMNSLKPEDTAVYVCAAGYSYRYTTLNQYDSWGQGTQ 

VTVSS 


Table 5 




Seq 
ID 


Name 


Sequence 5' - 3' 


54 


ABL002 


GGCTGAGCTCGGTGGTCCTGGCT i 


55 


ABL010 


AACTGGAAGAATTCGCGGCCGCAGGAATTTTTTTTTTTTTTTTTT 


56 


ABL037 


CATGCCATGACTCGCGGCCCAGCCGGCCATGGCCGAGGTGCAGCTGGTGGA 
GTCTGG 


57 


ABL038 


CATGCCATGACTCGCGGCCCAGCCGGCCATGGCCGATGTGCAGCTGGTGGA 
GTCTGG 


58 


ABL039 


CATGCCATGACTCGCGGCCCAGCCGGCCATGGCCGCGGTGCAGCTGGTGGA 
GTCTGG 


59 


ABL040 


CATGCCATGACTCGCGGCCCAGCCGGCCATGGCCGCCGTGCAGCTGGTGGA 
TTCTGG 


60 


ABL041 


CATGCCATGACTCGCGGCCCAGCCGGCCATGGCCCAGGTGCAGCTGGTGGA 
GTCTGG 


61 


ABL042 


CATGCCATGACTCGCGGCCCAGCCGGCCATGGCCCAGGTACAGCTGGTGGA 
GTCTGG 


62 


ABL043 


CATGCCATGACTCGCGGCCCAGCCGGCCATGGCCCAGGTAAAGCTGGAGGA 
GTCTGG 


63 


genelll 


CCACAGACAGCCCTCATAG 


64 


M13 rev 


GGATAACAATTTCACACAGG 



Table 6 
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CLAIMS 

1 . An anti-EGFR polypeptide comprising at least one single domain antibody directed 
against EGFR. 

5 

2. An anti-EGFR polypeptide according to claim 1 wherein at least one single domain 
antibody corresponds to a sequence represented by any of SEQ ID NOs: 1 to 22. 

3. An anti-EGFR polypeptide according to claims 1 and 2 further comprising at least one 
1 0 single domain antibody directed against a serum protein. 

4. An anti-EGFR polypeptide according to any of claims 1 to 3 further comprising at least 
one single domain antibody selected from the group consisting of anti-IFN-gamma single 
domain antibody, anti-TNF-alpha single domain antibody, anti-TNF-alpha receptor single 

15 domain antibody and anti-IFN-gamma receptor single domain antibody. 

5. An anti-EGFR polypeptide according to any of claims 1 to 4, wherein the number of 
single domain antibodies directed against EGFR is at least two. 

20 6. An anti-EGFR polypeptide according to any of claims 1 to 5 wherein at least one single 
domain antibody is a Camelidae VHH. 

7. An anti-EGFR polypeptide according any of claims 1 to 6 wherein at least one single 
domain antibody is a humanised Camelidae VHH. 

25 

8. An anti-EGFR polypeptide according to any of claims 1 to 7, wherein said single 
domain antibody is an homologous sequence, a functional portion, or a functional portion 
of an homologous sequence of the full length single domain antibody. 

30 9. An anti-EGFR polypeptide according to any of claims 1 to 8, wherein the anti-EGFR 
polypeptide is an homologous sequence, a functional portion, or a functional portion of an 
. homologous sequence of the full length anti-EGFR polypeptide. 

10. A method of identifying an agent that modulates the binding of an anti-EGFR 
35 polypeptide of any of claims 1 to 9 to Epidermal Growth Factor Receptor: 
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(a) contacting a polypeptide according to any of claims 1 to 5 with a target that is 
Epidermal Growth Factor Receptor, or a fragment thereof, in the presence and 
absence of a candidate modulator under conditions permitting binding between 
said polypeptide and target, and 
5 (b) measuring the binding between the polypeptide and target of step (a), wherein 

a decrease in binding in the presence of said candidate modulator, relative to the 
binding in the absence of said candidate modulator identified said candidate 
modulator as an agent that modulates the binding of an anti-EGFR polypeptide of 
any of claims 1 to 9 and Epidermal Growth Factor Receptor. 

10 

11. A method of identifying an agent that modulates Epidermal Growth Factor Receptor 
mediated disorders through the binding of an anti-EGFR polypeptide of any of claims 1 to 
9 to Epidermal Growth Factor Receptor comprising: 

(a) contacting an anti-EGFR polypeptide according to any of claims 1 to 9 with a 
15 target that is Epidermal Growth Factor Receptor, or a fragment thereof, in the 

presence and absence of a candidate modulator under conditions permitting 
binding between said polypeptide and target, and 

(b) measuring the binding between the polypeptide and target of step (a), wherein 
a decrease in binding in the presence of said candidate modulator, relative to the 

20 binding in the absence of said candidate modulator identified said candidate 

modulator as an agent that modulates Epidermal Growth Factor Receptor- 
mediated disorders. 



12. A method of identifying an agent that modulates the binding of Epidermal Growth 
25 Factor Receptor to its receptor through the binding of an anti-EGFR polypeptide of any of 
claims 1 to 9 to Epidermal Growth Factor Receptor comprising: 

(a) contacting an anti-EGFR polypeptide according to any of claims 1 to 9 with a 
target that is Epidermal Growth Factor Receptor, or a fragment thereof, or 
homologous sequence thereof, in the presence and absence of a candidate 

30 modulator under conditions permitting binding between said polypeptide and 

target, and 

(b) measuring the binding between the polypeptide and target of step (a), wherein 
a decrease in binding in the presence of said candidate modulator, relative to the 
binding in the absence of said candidate modulator identified said candidate 

35 modulator as an agent that modulates the binding of Epidermal Growth Factor 

Receptor natural ligand. 
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13. A kit for screening for agents that modulate Epidermal Growth Factor Receptor - 
mediated disorders comprising an anti-EGFR polypeptide according to any of claims 1 to 
9 and Epidermal Growth Factor Receptor, or a fragment thereof thereof. 

5 

14. An unknown agent that modulates the binding of the polypeptides of claims 1 to 9 to 
Epidermal Growth Factor Receptor, identified according to the method of claim 10 to 128. 

15. An unknown agent that modulates Epidermal Growth Factor Receptor-mediated 
10 disorders, identified according to the methods of claims 10 to 12. 

16. An unknown agent according to claim 11 wherein said disorders are one or more of 
cancer, rheumatoid arthritis, psoriasis, or hypersecretion of mucus in the lung. 

15 17. A nucleic acid encoding a polypeptide of any of claims 1 to 9. 

18. An anti-EGFR polypeptide according to any of claims 1 to 9 or a nucleic acid 
according to claim 17, or an agent according to any of claims 14 to 16 for treating and/or 
preventing and/or alleviating disorders relating to cancer, rheumatoid arthritis, psoriasis, or 

20 hypersecretion of mucus in the lung. 

19. Use of an anti-EGFR polypeptide according to any of claims 1 to 9 or a nucleic acid 
according to claim 17, or an agent according to any of claims 14 to 16 for the preparation 
of a medicament for treating and/or preventing and/or alleviating disorders relating to 

25 cancer, rheumatoid arthritis, psoriasis, or hypersecretion of mucus in the lung. 

20. An anti-EGFR polypeptide according to any of claims 1 to 9 for treating and/or 
preventing and/or alleviating disorders susceptible to modulation by the delivery of an 
EGFR antagonist that is able pass through the gastric environment without being 

30 inactivated. 

21. Use of anti-EGFR polypeptide according to claims 1 to 9 for the preparation of a 
medicament for treating, preventing and/or alleviating the symptoms of disorders 
susceptible to modulation by the delivery of an EGFR antagonist that is able to pass 

35 through the gastric environment without being inactivated. 
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22. A polypeptide according to any of claims 1 to 9 for treating and/or preventing and/or 
alleviating the symptoms of disorders susceptible to modulation by the delivery of an 
EGFR antagonist to the vaginal and/or rectal tract without inactivation. 

5 23. Use of a polypeptide according to claims 1 to 9 for the preparation of a medicament 
for treating, preventing and/or alleviating the symptoms of disorders susceptible to 
modulation by the delivery of an EGFR antagonist to the vaginal and/or rectal tract without 
inactivation. 

10 24. A polypeptide according to any of claims 1 to 9 for treating and/or preventing and/or 
alleviating disorders susceptible to modulation by the delivery of an EGFR antagonist to 
the upper respiratory tract and lung without inactivation. 

25. Use of a polypeptide according to claims 1 to 9 for the preparation of a medicament 
15 for treating, preventing and/or alleviating the symptoms of disorders requiring the delivery 

of a therapeutic compound to the upper respiratory tract and iung. 

26. A polypeptide according to any of claims 1 to 9 for treating and/or preventing and/or 
alleviating disorders susceptible to modulation by the delivery of an EGFR antagonist to 

20 the intestinal mucosa without inactivation, wherein said disorder increases the 
permeability of the intestinal mucosa. 

27. Use of a polypeptide according to claims 1 to 9 for the preparation of a medicament 
for treating, preventing and/or alleviating the symptoms of disorders susceptible to 

25 modulation by the delivery of an EGFR antagonist without inactivation, wherein said 
disorder increases the permeability of the intestinal mucosa. 

28. A polypeptide according to any of claims 1 to 9 for treating and/or preventing and/or 
alleviating disorders susceptible to modulation by the delivery of an EGFR antagonist to 

30 the tissues beneath the tongue without inactivation. 

29. Use of a polypeptide according to any of claims 1 to 9 for the preparation of a 
medicament for treating, preventing and/or alleviating the symptoms of disorders 
susceptible to modulation by the delivery of an EGFR antagonist to the tissues beneath 

35 the tongue without inactivation. 
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30. A polypeptide according to any of claims 1 to 9 for treating and/or preventing and/or 
alleviating disorders susceptible to modulation by the delivery of an EGFR antagonist 
through the skin without inactivation. 

5 31. Use of a polypeptide according to any of claims 1 to 9 for the preparation of a 
medicament for treating, preventing and/or alleviating the symptoms of disorders 
susceptible to modulation by the delivery of an EGFR antagonist through the skin without 
inactivation. 

10 32. A polypeptide, nucleic acid or agent according to claim 18, use of a polypeptide, 
nucleic acid or agent according to claim 19, a polypeptide according to any of claims 20, 
22, 24, 26, 28 and 30, use of a polypeptide according to any of claims 21, 23, 25, 27, 29 
and 31 wherein said disorders are cancer, rheumatoid arthritis, psoriasis, or 
hypersecretion of mucus in the lung. 

15 

33. A composition comprising a polypeptide according to any of claims 1 to 9 or a nucleic 
acid according any of claims 17, or an agent according to any of claims 14 to 16, and a 
suitable pharmaceutical vehicle. 

20 34. A method of diagnosing a disorder characterised by the dysfunction of EGFR 
comprising: 

(a) contacting a sample with a polypeptide according to any of claims 1 to 9, 

(b) detecting binding of said polypeptide to said sample, and 

(c) comparing the binding detected in step (b) with a standard, wherein a 
25 difference in binding relative to said sample is diagnostic of a disorder 

characterized by dysfunction of EGFR. 

35. A kit for screening for a disorder cited in claim 34, using a method according to claim 
30. 

30 

36. A kit for screening for a disorder cited in claim 34 comprising an isolated polypeptide 
according to any of claims 1 to 9. 

37. Use of a polypeptide according to any of claims 1 to 9 for the purification of EGFR. 

35 
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38. Use of a polypeptide of any of claims 1 to 9 for inhibiting the interaction between EGF 
and one or more EGFR. 

39. A method for producing a polypeptide according to any of claims 1 to 9 comprising the 
5 steps of: 

(a) obtaining double stranded DNA encoding a Camelidae species single domain 
heavy chain antibody directed to EGFR or a fragment thereof, 

(b) cloning and expressing the DNA selected in step (b). 

10 40. A method of producing a polypeptide according to any of claims 1 to 9 comprising 

(a) culturing host cells comprising nucleic acid capable of encoding a polypeptide 
according to any of claims 1 to 9, under conditions allowing the expression of the 
polypeptide, and, 

(b) recovering the produced polypeptide from the culture. 

15 

41. A method according to claim 40, wherein said host cells are bacterial or yeast. 

42. A kit for screening for cancer, rheumatoid arthritis, psoriasis, or hypersecretion of 
mucus in the lung, comprising a polypeptide according to claims 1 to 9. 

20 

43. A therapeutic composition comprising: 

(a) a VHH which inhibits the growth of human tumor cells by said VHH binding to 
Epidermal Growth Factor Receptor of said tumour cell, and 

(b) an anti-neoplastic agent. 

25 

44. A therapeutic composition of claim 43 for separate administration of the components. 

45. A therapeutic composition of claims 43 and 44 wherein the cancer is selected from the 
group consisting of breast, ovary, testis, lung, colon, rectum, pancreas, liver, central 

30 nervous system, head and neck, kidney, bone, blood and lymphatic system. 
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. < FRl > CDRl < FR2 > CDR2 

1.33 EVQLVESGGGLVQPGGSLRLSCAASGFTFS SHYMS WFRQAPGKEREFVA AITSSSRTYYTESVKG 
3.14 AVQLVESGGGLVQPGGSLRLS CAASGFTFS SHYMS WFRQAPGKEREFVA AITSSSRTYYTESVKG 

2.34 QVKLEESGGGI1VQPGDSLRI1S CAASGFTFS SHYMS WFRQAPGKEREFVA AITSSSRTYYTESVKG 
1.4 EVQLVESGGGLVQAGGSLRLSCAASGRTFS NYVMG WFRQAPGKERDFW GIGRSGGDNTYYADSVKG 
Ia9 QVQLVESGGGLVQAGGSLRLS CAASGRTFS NYVMG WFRQAPGKERDFW GIGRSGGDNTYYADSVKG 

2.20 EVQLVESGGGLVQAGGSLRLSCAASGRSFS SYAMA WFRQAPGKEREFVA AISWGGGSTYYAVSVKG 
IIIa6 EVQLVESGGGLVQAGGSLRLSCAASGRSFS SYAMA WFRQAPGKEREFVA AISWGGGSTYYAVSVKG 
Ia26 QVQLQESGGGSVQAGGSLKLSCAASGRGFS RYAMG WFRQAPGQDREFVA TISWTNSTDYADSVKG 
IIIa42 EVQLVESGGGSVQAGGSLKLSCAASGRSFS TYAMG WFRQAPGQDREFVA T I S WTDSTDYADSVKG 
Ia33 QVQLQESGGGSVQAGGSLKLSCTASGRRFS TYAVG WFRQAPGQDREFVA TISWTNSTDYADSVKG 
3.1 EVQLVES GGGSVQ AGGS LKLS CTASGRRFS TYAVG WFRQAPGQDREFVA TISWTNSTDYADSVKG 
Ial QVQLQESGGGLVQAGGSLLLS CAASGRTFS SYAMG WFRQAPGKEREFVA AINWSGGSTSYADSVKG 
Ia21 QVQLQESGGGLVQAGGSLLLS CAASGRTFS SYAMG WFRQAPGKEREFVA AINWSGGSTSYADSVKG 
IIIa3 QVQLQESGGGLVQAGGSLLLS CAASGRTFS SYAMG WFRQAPGKEREFVA AINWSGGSTSYADSVKG 
1.9 QVQLQESGGGLVKAGGSLRLS CAASGRTFS SYVMG WFRQAPGKEREFVG AI HWS GGRTYYADSVKG 
1.34 QVQLQESGGGLVQAGGSLRLS CAASGRTFS KYAMG WFRQAPGKEREFVS AISWSDGSTYYADSVKG 
IalO QVQLQESGGGLVQAGGSLRLS CAASGRTFS KYAMG WFRQAPGKEREFVS AISWSDGSTYYADSVKG 
2.6 QVQLQESGGGLVQAGGSLRLS CAASGRTFS NYAMG WFRQAPGKEREFVA AINWGGGNTYYADSVKG 
3.34 QVQLQESGGGLVQAGGSLRLS CAASGRTFS SYAIG WFRQAPGKEREFVA AI S WGGSNT YYADSVKG 

1.38 QVQLQDSGGGLVQAGDSLRLSCAASGRSFG GYAMG WFRQAPGKEREFVA AI SWSGGSTYYADSLKG 
3.32 QVQLQESGGGLVQAGGSLRLS CAASGRTFS GYAMG WFRQAPGEEREFVA AI SWRGTSTYYGDSAKG 
4.43 QVQLQESGGGLVQAGGSLRLS CAASGRTFS GYAMG WFRQAPGEEREFVA AI SWRGTSTYYGDSAKG 
Ial 5 QVQLQDSGGGLVQAGGSLRLSCAASGGTFS SYAMG WFRQAPGKEREFVA AI GLNTY YADS VKG 
Ia7 QVQLQES GGRLVQTGGS LRLS C AASGGT FG TYALG WFRQAPGKEREFVA AISRFGST YYADSVKG 

3.39 QVQLQESGGGLVQTGGSLRLSCAASGRYIM G WFRQAPGKEREFVA G I S RS GAS TAYADS VKD 

3.40 QVKLEESGGGLVQAGGSLRLSCSASGLTFS NYAMA WFRQAPGKEREFVA TISQRGGMRHYLDSVKD 
4.22 QVKLEESGGGLVQAGGSLRLSCAASGSIFS INAMG WYRQAPGKQRELVA 

RI TGTGTGI TGAVS TNYAD S VKG 

4.11 QVKLEESGGGLVQAGDSLRLSCAASGRSFS SITMG WFRQAPGKERQFVS AI NSNGNRY YADS VKG 

4.21 EVQLVESGGGLVQ AGGS LRLS CAVSGRTFS SMG WFRQAPGKEREFVA T I NLS GDRTDYADSVKG 
IIIa5 EVQLVESGGGLVQ AGGS LRLS CTASGRTFS SYAMG WFRQTPGKEREFVA AITSSGGST YYADSVKG 
3.18 EVQLVESGGGLVQ PGGS LRLS CVASGFTFA DYAMS WVRQAPGKGLQWVS S I S YNGDTT YYAES MKD 
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< FR3 >.CDR3 < FR4 > 

1.33 RFT I SRDNAKNTVYLQMNS LKS EDTAVY YCAA DRTF YGSTWS KYDY RGQGTQVTVSS 
3.14 RFT I SRDNAKNTVYLQMNS LKS EDTAVY YCAA DRTFYGSTWSKYDY RGQGTQVTVSS 

2.34 RFTISRDNAKNTVYLQMDSLKSEDTAVYYCAA DRTFYGSTWSKYDY RGQGTQVTVSS 
1.4 RFTISWDNAKNTMYLQMNSLKPEDTAVYYCAA STYSRDTI FTKWANYNY WGQGTQVTVSS 
Ia9 RFTISWDNAKNTMYLQMNSLKPEDTAVYYCAA STYSRDTI FTKWANYNY WGQGTQVTVSS 

2.2 0 RFT I SRDNAKNTVYLQMNS LKPEDTARYYCAA DETFHSSAYGEYEY WGQGTQVTVSS 
IIIa6 RFT I SRDNAKNTVYLQMNS LKPEDTARYYCAA DETFHSSAYGEYEY WGQGTQVTVSS 
Ia26 RFAI SRDNAKNTAYLQMNSLKPEDTAVYYCAA DKWASSTRSIDYDY WGQGIQVTVSS 
IIIa42 RFTI SRDNAKNTGYLQMNSLKPEDTAVYYCAA DRWAS S RRNVD YD Y WGQGTQVTVSS 
Ia33 RFT I S RDNAKNTGYLQMNS LKPEDTS VYVCAA DKWSSSRRSVDYDY WGQGTQVTVSS 
3.1 RFT I SRDNAKNTGYLQMNS LKPEDTS VYVCAA DKWSSSRRSVDYDY WGQGTQVTVSS 
Ial RFTI SRDNTKNTVYLQMNSLKPEDTAAF YCAA T YNP YS RDH YF PRMTT E YD Y WGQGTQVTVSS 
Ia21 RFTI SKDNTKNTVYLQMNSLKPEDTAAF YCAA TYNPYS RDH YF PRMTT E YD Y WGQGTQVTVSS 
IIIa3 RFTI SRDNTKNTVYLQMNSLKPEDTAAF YCAA TYNPYS RDHYF PRMTTE YDY WGQGTQVTVSS 
1.9 RFT I SSDNAKNTLYLQMNS LKPEDTAVYYCAA SRI I YS YVNYVNPGEYDY WGQGTQVTVSS 
1.34 RFTI SRDNAKNTVYLQVNS LKPEDTAVYYCAA TYLVDVWAVHVPI RPYEYD Y WGQGTQVTVSS 
IalO RFTI SRDNAKNTVYLQVNS LKPEDTAVYYCAA TYLVDVWAVHVP I RPYEYD Y WGQGTQVSVSS 
2.6 RFTI SRDNAKNTVYLQMNS LKPEDTAVYYCAA SEWGGSDYDHDYDY WGQGTQVTVSS 
3.34 RFTI SRDNAKNTVYLQMNS LKPEDTAVYYCAA GEVSNSDYAYEYDY WGQGTQVTVSS 

1.3 8 RFTI SRDNAKNTVYLQMNS LKPEDTALYYCAA GLRPSPNYNHER- SYDY WGQGTQVTVSS 
3.32 RFTI SRDNAKNTVYLQMNSLKPEDTAVYYCAA GSHSDYAPDYDY WGQGTQVTVSS 

4.4 3 RFTI SRDNAKNTVYLQMNSLKPEDTAVYYCAA GSHSDYAPDYDY WGQGTQVTVSS 
Ial5 RFTISRDNAKNTVYLQMNSLKPEDTAVYYCAA RTS GWGGTPKRYD Y WGQGTQVTVSS 
Ia7 RFT I SRDNANNTVYLEMNS LKPEDTAVYYCAA REGVALGLRNDANY WGQGTQVTVSS 

3.39 RFTISRDSALNTVYLQMNSLKAEDTAVYFCAA ALAIRLGI PRGETEYEY WGQGTQVTVSS 

3.40 RFTISRDNAKNTVYLQMNSLKPDDTAVYYCAA DLMYGVDRRYDY WGRGTQVTVSS 
4.22 RFTI SRDNARNTVYLQMNSLKPEDTAVYYCAA DRSRTIWPDY WGQGTQVTVSS 
4.11 RFTI SRDNAKNTVYLQMNS LKPEDTAVYYCAA VQAY S S S S D Y YSQ EGAYD Y WGQGTQVTVSS 
4.21 RFTI SRDNPKNTVYLQMDSLEPEDSAVYYCAG TSLYPSNLRYYTLPGTYAD WGQGTQVTVSS 
IIIa5 RFTI SRDNAKSTMYLQMDSLMLDDTS VYYCAA DSSRPQYSDSALRRILSLSNSYPY WGQGTQVTVSS 
3.18 RFTI SRDNAKNTLYLQMNSLKSEDTAVYYCAS SGSYYPGHFES WGQGTQVTVSS 
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